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DESCRIPTION 

t 

PHARMACEUTICAL- OR GENE-CARRIER COMPOSITIONS WITH REDUCED 
HEMAGGLUTINATING ACTIVITY * • 

Technical Field ' 



The present invention relates to carriers for delivering 
pharmaceuticals or genes into, cells, whose hemagglutinating 
activity ,is reduced by modifying an envelope protein of a minus - 
10 strand RNA virus. '\ 

Background Art 

The Sendai virus (SeV) contains two types of envelope 
proteins: hemagglutinin-neuraminidase ., (HN) and fusion protein 

15 (F) . HN binds to sialic acid on cell surface and followed by 
fusion, mediated by F prdtein, allowing a direct, rapid, and 
highly efficient infect iom of SeV into cytoplasm. Furthermore, 
since sialic acid is present on almost all cell surfaces, SeV 
can infect a wide range of cells. In order to apply these kinds 

20 of extremely infective SeV to gene therapy, a recombinant SeV 
vector carrying various genes has been developed (Shiotani et 
al., Gene Therapy, 2001, 8, 1043-1050), and research is also 
progressing, on a drug delivery system where genes and various 
pharmaceuticals are encapsulated in the aqueous core 'of 

25 liposomes which comprise SeV envelope .proteins (Ramani et . al . , 
FEBS Letters, 1997, 404, 164-168; Isaka et al . , Experimental 
Nephrology, 1998, 6, 144-147) . 

SeV vectors have many such advantages, however, their broad 
infectivity can also be a disadvantage. SeV vectors also fuse 

30 with erythrocytes which contain a large amount of sialic acid, 
triggering a high hemolytic activity. Thus, improvement is 
desired from the safety point of view. Furthermore, SeV vector 
fusion with erythrocytes means that the vector cannot deliver 
the required amount of pharmaceuticals to target cells, 

35 suggesting that SeV vector may be extremely unstable in blood. 
Therefore, methods for administering SeV vectors in vivo are 



predicted to l?e confined to methods that do not mediate blood, 
such as temporarily stopping blood flow or perfusion methods, or 
to local administration methods for sites that are little 
influenced, by blood components . 
5 In ordeir- tp. resolve these safety-*- arid stability-associated 

problems., the hemagglutinating activity ' of HN protein must be 
eliminated or decreased to reduce its binding with erythrocytes. 
However, eliminating' hemagglutinating activity leads 'to reduced' 
SeV binding , to the target, cells to be introduced with 

10 pharmaceutical^, which can be readily inferred to sigmif icantly 
reduce the efficiency of drug* 'delivery. Therefore, some, 
ingenuity is required. , , 

So far, there have . been miany reports of . studies' that 
eliminated Jiemagglutinating activity Toy specifically 'reducing 

15 the SeV HN protein with dithiothreitol ( (DTT) . However, most of 
these studies l^ave used hemolytic activity toward erythrocytes 
as an indicator. For example, Tomasi et al., in FEBS Letters,, 
1982, 143 (2), 252-256, reported that reducing SeV with DTT 
eliminates its hemagglutinating activity. However, they merely 

20 report that newly introducing erythrocyte -recognizing antibody 
molecules into, SH groups (formed. by DTT reduction) in HN protein 
molecules, complements the ,- , ability i of SeV to bind to 
erythrocytes, exhibiting a . revived hemolytic activity. 
Furthermore, since fusion activity is greatly reduced, doubts 

25 remain as to the possibilities of this method. Gitman et al., 
in Biochemistry, 1985, 24, 2762-2768, reported the chemical 
modification of SeV envelope proteins. They succeeded in 
eliminating hemagglutinating activity, but at the same time, 
they also eliminated fusion ability completely. They report 

30 that to confer fusion ability, an unmodified envelope protein 
must be newly incorporated, which leads to a revival of 
hemagglutinating activity. 

Several studies that target cells have been also reported. 
For example, Bagai et al . , in Journal of Virology, 1993, 67 (6), 

35 3312-3318, proposed a drug delivery system for the sugar chain- 
specif ic infection of F protein, which comprises the steps of: 



solubilizing SeVs whose HN ; has been reduced with surfactants; 

i 

. and reconstituting virions consisting only of F proteins. 
Ramani et al., in FEBS Letters, 1997, 404, 164-168', also 
reported the results of in vitro gene introduction usintj a 
5 similar system. Whilst these methods can indeed eliminate 
hemagglutinating activity and fuse SeV only with target cells, 
some problems remained ' to be solved. :For example, F protein is 
also c6nsiderably reduced along; with HN protein.. Furthermore, 
not all. of the envelope proteins are incorporated into virions 
.10 in the reconstitution process (Ponima^kin et al . , Virology, 2000, 
269, 391-403), thus impairing the fusion ability of the 

reconstituted carriers and resulting in an increased dosage. 

■i - 

Also, in the preparation process, the requirement of a large 
amount of virus, troublesome Removal of surfactant, 

15 heterogeneity of the reconstituted Virions, and siich provide 

, . ' ample room for improvement. ( 

Thus, hitherto there has been no known drug delivery system 
based on an envelope protein of a minus-strand RNA virus that 
has significantly reduced hemagglutinating activity but retains 

20 the ability to deliver drugs into cells 1 . 

Disclosure of the Invention 

The objective of the present invention is to provide a 

carrier, in which only hemagglutinating activity 'is 
25 significantly reduced, and which retains the ability to 

introduce a pharmaceutical or gene into cells, by modifying an 

envelope protein in a minus-strand RNA virus. 

In the development of pharmaceuticals and drug formulations, 

Drug Delivery System (DDS) is an important technique as a 
30 methodology to reduce undesirable effects and enable intended 

functions. The present inventors thought that chemically 

modifying a minus-strand RNA viral envelope protein, which is 

one DDS technique, can reduce activity against erythrocytes and 

retain the ability for introduction into cells. For this, it is 
35 preferable to selectively modify the envelope protein 

responsible for the hemagglutinating activity, to reduce the 
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activity* while> minimizing, as tnuch as possible/ the effect on 
the envelop? protein critical to fusion. , 

The present inventors carried out exhaustive studies and 
discovered, .that modification - with-, polymers such as 
5 polyethylenecflycol (PEG) effectively reduces hemagglutination. 
For example', , in a PEG-modified SeV vector, obtained by 
covalently binding activated PEG to an amino group ' in the 
envelope protein ' of ' Sendai virus (SeV) (Fig. 1), & markedly 
reduced hemagglutination response (HAU); was apparent for the 

10 amount of PEG ireacted. Although there was a concern that vector 
infectivity of target cells might 'also' decrease along with the. 
reduction of HAU, the degree of reductipn i£ the ability of the 
modified vector to introduce genes into cells was small compared 
to that of .HAlJ, confirming that sufficient vector infectivity 

15 was", retained. (Tables 1 and. 2). In this case, it was revealed 
that a larger mplecular weight of PEG can enhance the ability to 
introduce genes into cells. Furthermore, the method for 
preparing* PEG-modified vector were very rapid and easy. 

In the electrophoretic patterns of the constituent proteins 

20 of PEG-modified SeV vector, HN proteins drastically decreased 
and instead, new macromolecules were observed to appear. On the 
other hand, the ' decrease in , F proteins was relatively small, 
suggesting that PEG preferentially 1 modifies HN protein rather 
than binding to F protein. This was thus inferred to be a 

25 contributing factor in preserving fusion ability while 
drastically reducing HAU (Figs. 4, 15, and 16). 

The hemolytic activity of PEG-modified SeV vector toward 
rat blood was significantly reduced as a reflection of reduced 
HAU, indicating this vector to be highly excellent from the 

30 safety point of view (Fig. 2). Furthermore, although the. gene- 
introducing ability of. the SeV vector was markedly reduced upon 
contact with the blood, the modified vector retained a 
sufficient level of gene- introducing ability even after the 
blood treatment (Figs. 3 and 20) . These results indicate that 

35 modification not only has the effect of reducing binding to 
erythrocytes, but also, at the same time, can impart a 



stabilizing effect on factors such as complements in blood, that 
. are likely to destabilize vector activity. • Furthermore, since 
the PEG-modified vector could actually introduce genes 'stably, 
even in the presence of a neutralizing antibody (Figs. 5 arid* 17) , 
• -5 ' PEG modification was thought to impart stabilizing effects on 
'various components of giving body. j 1 

In addition, on examining the ef feet of PEG-modified vector . 
administrated in vivo', the gene -introducing efficiency of this 
vector in multiple administrations was .clearly higher than that 
.10-' of the unmodified vector, confirming that the PEG-modified 
vector has a high gene -introducing ability* in vivo (Fig. 19). 

As described above, it was found that appropriately 
selecting conditions of PEG modification could reduce the 
interaction of SeV vector with erythrocytes and yet retain a 
15 high level of gene- introducing ability into cells. 
. ' , Furthermore, the present inventors also examined the. use of 
a purified anti-HN protein monoclonal antibody (MAb), which 
selectively binds to envelope proteins responsible for 
hemagglutinating activities and reduces such activities (Miura 
20 et al., Exp. Cell Res., 1962, 141 , 1 409-420) . Sendai viral 
vectors treated with MAb showed no ' hemagglutination at all. 
Their hemagglutinating activity was completely blocked, and gene 
. introduction into cells by the treated vector was not observed. 
When a target cell-binding ligand molecule was newly bound 'to 
25 the MAb molecule, Sendai viruses treated with this ligand-bound 
MAb (Fig. 5) showed neither hemagglutination nor hemolytic 
activity (Figs. 7, 10, and 11), and in spite of this, said 
treated viruses could introduce genes into potentially ligand- 
bound target cells with high efficiency (Figs. 8 and 9). Genes 
30 could not be introduced other than into target cells, and gene- 
introducing ability was eliminated in the presence of excess 
amounts of competitive substances (Table 4) . These results 
prove that highly efficient gene introduction, exclusively into 
target cells, is possible despite the complete loss of the 
35 modified vector's hemagglutinating activity. 
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It .'is fhpugtit that this System may- become applicable 'to 
introduction into various cells, by changing , the ligand molecule, 
which is to bk bound, into a . molecule . that responds to. a 
receptor highly - expressed on a target cell . 
5 Furthermore,, since this' system . caq be readily prepared by 

mixing components just prior to use, it is very easy to use. 

Such techniques can be also applied to virion formulations 
reconstituted, from the constituent proteins of SeV envelope. In' 
this case, if. may not be necessary to' reduce HN proteins, as 
10 described above. If this technique is appli'ed after 

solubilizing SeV without prior* deduction and reconstituting 
virions that encapsulate required ( pharmaceuticals , carriers wj.th 
greater fusion ability are formed with no- effects on F protein 
due to reduction. 

15 The presexif invention relates to pharmaceutical- or gene- 

carrier compositions whose . hemagglutinating activity is reduced. 
More specifically, the present invention provides: 

[1] ' a ; pharmaceutical- or gene-carrier composition which 
comprises a cell membrane comprising a minus-strand RNA virus 

20 envelope protein with hemagglutinating activity, wherein: 

(a) a compound is added to the protein; 

(b) the, hemagglutinating activity is » reduced compared to a 
composition to which the compound is not added; and 

(c) the composition comprises the ability to introduce a 
25 pharmaceutical or gene into a target cell; 

[2] the composition of [1], further wherein 

(d) hemolytic activity toward erythrocytes is reduced compared 
to a composition to which the compound is not added; 

[3] the composition of [1] or [2] , which comprises an 
30 infective virion of the minus-strand RNA virus; 

[4] the composition of [1] or [2] , which comprises an 
inactivated minus-strand RNA virus, or an envelope portion of 
the virus; 

[5] the composition of any one of [1] to [4] , wherein the 
35 minus-strand RNA virus is a Paramyxoviridae family virus; 



[6] the composition 6f [5] , wherein the Paramyxoviridae 
. family virus is the Sendai virus; • . 

[7] the composition of any one of [1] to [6] , whertein the 
compound added to the protein has a molecular weight of 1,300 or 
' 5 ' more; 

[8] the composition of [7], whereih the compound added to 
the protein has a molecular weight of 4,500 or more; 

[3] the composition of [8];, wherein the compound added to 
the protein has a molecylar weight of 16/000 or more; 
.10 [10] the composition of any one 'of [1] to [9], wherein the 

compound added to the protein is polyethylene glycol; 

[11] the composition of any one of- [1] to [10], wherein: the 

■ i- 

protein further forms a complex with polyethyleneimine; 

[12] the composition of any one of. [1] to [11], wherein the 
15 protein forms a complex with a cell-binding compound; ' 

" [13] the composition of [12],, wherein the cell-binding 

compound is bound to the compound added to the protein; 

[14] the composition of [12] pr [13] , wherein the. compound 
added to the protein is an antibody that binds to the protein or 
2 0 fragment thereof; ' 

[15] the composition of any one of [12] to [14], wherein 

the cell -binding compound is a ligand for a receptor on the cell 

■ i 

surface; 

[16] the composition of [15], wherein the ligand is folic 

25 acid; 

[17] an antibody bound to a cell-binding compound, wherein 
the antibody binds to a minus -strand RNA virus envelope protein 
comprising hemagglutinating activity, or a fragment thereof; 

[18] the antibody or fragment thereof of [17], which is 
.30 F(ab , ) 2 ; 

[19] the antibody or fragment thereof of [17] or [18], 
wherein the cell-binding compound is a ligand for a receptor on 
a cell surface; 

[20] the antibody or fragment thereof of [19], wherein the 
35 ligand is folic acid; and 

[21] a pharmaceutical- or gene-carrier kit which comprises: 
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(a) an antibody or .fragment thereof which binds to a minus- 
strand RNA , virus envelope protiein comprising hemagglutinating 
activity, and to which a cellrbinding compound is bound; and 

(b) a pharmaceutical- or gene-carrier composition comprising the 

5 envelope protein.. ' ' \ 

.1 , ■ ■ 

The present invention provides pharmaceutical- or gene- 
carrier compositions ' which comprise a cell membrane cdntaining a 1 
minus-strand RNA .'virus envelope protein with hemagglutinating 

10 activity, wherein: (a) a compound is attached to the 1 protein; 
(b) the hemagglutinating activity is' reduced compared to a 
composition to which the compound is not attached; and (c) t;he 
composition. comprises the ability .to introduce the 
pharmaceutical or gene into a target^ cjsjl. The compositions of 

15 this invention are complexes that comprise a cell membrane 
containing a minus-strand RNA virus envelope protein having 
hemagglutinating activity . Such complexes may be, for example,, 
infective virions, inactivated minus-strand RNA viruses, or 
complexes comprising the envelope components of disintegrated 

20 minus-strand RNA viruses, such as reconstituted liposomes. 

Infective, virions infect • cells and thus deliver a 
pharmaceutical or gene encapsulated in the virus into those 
cells. In particular, by incorporating a foreign gene into a 
viral genome, the gene can be expressed from the viral genome in 

25 cells infected with the infective virions. The infective virus 
may be a replication-competent virus or a replication-deficient 
virus. The term "replication-competent virus" means that when a 
virus infects host cells, it is replicated within those host 
cells to produce infective virions. 

30 Minus -strand RNA viruses can be reconstituted by 

transcribing viral genomic RNAs within cells, in the presence of 
viral proteins required for the transcription and replication of 
this genomic RNA. Recombinant minus-strand RNA viruses can be 
reconstituted using methods known in the art (WO 97/16539; WO 

35 97/16538; WO 00/70055; WO 00/70070; Durbin, A. P. et al . , 1997, 
Virology 235: 323-332; Whelan, S. P. et al., 1995, Proc. Natl. 
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' Acad. Sci. USA 92: 8388-8392; Schnell.' M. J. et al., 1994, EMBO 

.J. 13: 4195-4203; Radecke, F . et al . , 1995', EMBO J'. 14: 5773- 

5784; Lawson, N. D. et al . , Proc. Natl. Acad. Sci. USA 92: 4477^ 

4481; Garcin, D. et al., 1995, EMBO J. 14: 6087-6094; Katio* A. 

'..5' et al., 1996, Genes Cells 1: 569-579; Baron, M. D. and Barrett, 

•T., 1997, J. Virol. 71: 1265-1271 ; Bridgen, A. and Elliott, R. 

M. , 1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404; Hasan, M. 

V K. et hi., J. Gen. Virol. '78: 2813-2820, 1997; Kato, A. et al.', 

1997, EMBO J. 16: 578-587; Yu, D. et alv, 1997, Genes Cells 2: 

,10' 457-466). With these methods, minus-strand RNA viral vectors, 

including parainfluenza viruses, vesicular stomatitis viruses, 

rabies viruses, measles viruses, rinderpest viruses, Sendai 

•' ■ • i 
viruses, and such, can be reconstituted from DNAs. 

The recombinant viral vectors containing foreign genes can 

15 be obtained by inserting the foreign <ijenes into the Viral vector 
genomes. Any gene to be 'expressed in a target cell can be used 
as a foreign gene. The ? foreign genes may be genes encoding 
naturally-occurring proteins, or genes encoding .proteins 
modified from naturally-occurring proteins by deletion, 

20 substitution, or insertion of ' nucleotide (s) , so long as the gene 
encpdes a protein functionally equivalent to the naturally- 
occurring protein. Alternatively, the foreign gene may encode a 
deletion derivative of a naturally-occurring protein or 
synthetic protein. For example, for gene therapy or sucih, 

25 viruses are reconstituted by inserting a therapeutic gene for a 
target disorder into a DNA which serves as the viral vector 
template (viral vector DNA), and then transcribing the resulting 
recombinant DNA. When introducing a foreign gene into a viral 
vector DNA, for example, into Sendai viral vector DNA, a 

30 sequence consisting of a multiple of six nucleotides is 
preferably inserted between, for example, the transcription 
ending (E) sequence and the transcription starting (S) sequence 
(Journal of Virology, Vol. 67, No. 8, 1993, p . 4822-4830 ) . In 
paramyxovirus or such, a foreign gene can be inserted upstream 

35 and/or downstream of the open reading frame (ORF) of the 
respective viral proteins (for example, ORFs of NP, P, M, F, HN, 



I 
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tl . . 

and L prbteins) . In .order to avoid inhibiting the expression of 
genes upstream and downs.tream of the foreign gene, the E-I-S 
sequence (transdription ending sequence - . intervening sequence - 
transcription starting sequence) is .appropriately inserted 

5 upstream or downstream . of the foreign 'Cjehe, so ( that ,the E-I-S 
sequence .units are arranged between respective genes. 

The recovered viruses can be purified until substantially 
pure. Purification can be carried 1 out by i 

purification/separation methods known in the art, including 

10 filtration, cdntrifugation, and column purification,! or ajiy 
combinations thereof, "Substantially pure" means that the virus 
accounts for the main proportion of a s^mpl^ in which it exists 
as a component. Typically, a substantially pure viral vector 
can be identified by confirming that' the proportion of the viral 

15 vector-derived 1 protein is 50% or above, of the total proteins 
comprised in ( the sample, . preferably 70% or above, more 
preferably 80% or above, and further more preferabley 90% or 
above. Examples of specific methods for purifying minus-strand 
RNA viruses are those using cellulose sulfate esters or cross- 

20 linked polysaccharide sulfate esters (Examined Published 
Japanese Patent Applcations No. » (JP-B) Sho 62-30752, JP-B No. 
62-33879, 'and JP-B No . 62-30753) , and those for adsorbing 
proteins to polysaccharides comprising fucose sulfate and/or 
degradation products thereof (WO 97/32010), and so on. 

25 Inactivated viruses or reconstituted products from 

disintegrated viruses are used as transfection reagents for 
introducing a pharmaceutical or gene into cells. Minus-strand 
RNA viruses can be inactivated, for example, by UV irradiation. 
Furthermore, liposomes using inactivated viruses such as 

30 Hemaggulutinating Virus of Japan (HVJ) -liposome can be prepared 
by vibration and ultrasonication (see, "Liposome in Life Science 
/ Laboratory Manual", Springer-Verlag Tokyo (1992), pp. 282-287). 
Furthermore, a composition (membrane fusion liposome) formed by 
mixing inactivated Sendai virions or liposomes and nucleic acids 

35 has been reported (Yasushi Kaneda: BIOTHERAPY, 8, 1265 (1994)). 
Alternatively, disintegrated viruses can be reconstituted by, . 
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for example, reconstituting', liposomes, from a solubilized virus 

. to prepare so-called x virosomes' (Bagai et al . , (1993) Biochem. 

Biophys. Acta 1152, 15-25). Specifically, after solubilizing a 

minus-strand RNA virus with a -surfactant such as Triton 2£-100, 

• 5 ' the insoluble RNP is removed by centrif ugation. Virosomes can 

be prepared from reconstituted virions by removing the 

♦ ' .i 

surfactant from the solubilized solution comprising the envelope 

and envelope proteins: virosomes of uniform particle size can 

be collected by centrifugation (for example, at 12,000 rpm for 

.10 ten minutes) . 1 . 

In a composition comprising infective virions, the 

infective virions may. be either minus-strand RNA viruses or 

other viruses comprising a minus-strand RNA virus envelope 

protein with hemagglutinating activity.. Pseudotyped viruses, 

15 reconstituted with the envelope protein of another 'virus, are 

, . 7 well' known in the art '(WO 01/9250,8). A pseudotyped virus 

comprising an envelope protein of a « minus -strand RNA virus can 

be manufactured, for example, by preparing a virosome. or such 

that comprises an inactivated minus-strand RNA virus or an 

20 envelope protein of the virus; and fusing the virosome with 

another virus. Alternatively, a pseudotyped virus can be 
i • . . . ■ 

prepared by expressing in the packaging cell, of another virus, 

an expression vector that expresses a minus -strand RNA virus 

envelope protein with hemagglutinating activity. Examples 'of 

25 viruses whose packaging cells are used to express the. vector are 
retroviruses, specif ically those belonging to the subfamily of 
oncoviruses comprising Moloney murine leukemia virus (MoMLV) , 
murine stem cell virus (MSCV) , and such (referred to as 
oncoviruses in this invention) ; and those belonging to the 

30 subfamily of lentiviruses , comprising human immunodeficiency 
virus (HIV) (e.g. HIV1 or HIV2) , simian immunodeficiency virus 
(SIV) , feline immunodeficiency virus (FIV) , maedi • visna virus, 
equine infectious anemia virus (EIAV) , caraparu . arthritis 
encephalitis virus (CAEV) , and such (referred to as lentiviruses 

35 in this invention) . HIV-1 includes all the major (M) subtypes 
(including A to J) , N, and outlier (0) (Hu, D. J. et al., JAMA 
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1996, 27*5: 2.10,-216; Zhu, T. et : al.. , Nature 1998, 5: 391(6667): 
594-7;. Simon, F. et al . , Nat. Med. 199,8, 4(9): 1032-7). 
Examples of isolated strains of S.IV are JSIVagm, SIVcpz, SIVmac., 
SIVmnd, SIVsnm., • and SIVsyk. Retroviruses derived from a Spuma 
5 virus can also be used, including foamy t viruses , (DE 4318387; WO 
9607749; .Vir6logy (1995) 210, 1, 167-178;' J. Virol. (1996) 70, 1, 
217-22) . Viral vectors derived from foamy viruses ' can be 
utilized in the introduction of foreign genes into hutaan cells, • 
particularly in gene therapy, for ! th^ administration of 

10 recombinant vaccines and such. • 

In addition to. the minus-strand RNA virus envelope protein 
with hemagglutinating activity, jpseudotyped viral vectors can 
further comprise, for example, other envelope proteins of the 
virus. For, example, this invention , comprises compositions 

15 comprising a. pseudotyped. viral vector .comprising paramyxoviral 
HN and F proteins, in which a compound is attached to the HN 
protein. A viral vector comprising a minus-strand RNA virus 
envelope 'protein with hemagglutinating activity can further 
comprise an envelope protein derived from another virus. As 

20 such a protein, for example, an envelope protein derived from a 
virus that can infect human cells is preferable. Such proteins 
are not t particularly limited,,, and comprise, for example,' the 
amphotropic envelope protein of retroviruses, G protein of 
vesicular stomatitis viruses (VSV) , and such. Furthermore, 

25 examples of Herpesviridae proteins are gB, gD, gH, and gp85 
proteins of herpes simplex virus; and gp350 and gp220 proteins 
of EB virus. Examples of proteins of Hepadonaviridae are S 
protein of hepatitis B virus. As a retroviral amphotropic 
envelope protein, for example, an envelope protein derived from 

30 murine leukemia virus (MuLV.) 4070A strain can be used. 
Furthermore, the envelope protein derived from MuMLV 10A1 can 
also be used (e.g. pCL-lOAl (Imgenex) , Naviaux, R. K. et al . , J. 
Virol. 70: 5701-5705 (1996)). As an ecotropic envelope protein, 
for example, an envelope protein derived from Molony' s murine 

35 leukemia virus (MoMuLV) can be used. As a vesicular stomatitis 
virus G protein (VSV-G) , for example, a protein derived from an 
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Indiana serotype strain thereof (J. Virology 39: 519-528 (1981)) 
can be used. Besides these, proteins • derived' from any- 
preferable strains can also be used. 

In this invention, minus -strand RNA viruses are vi'rtises 
comprising a minus- strand (an antisense strand corresponding to 
the sense strand encoding the viral genes) RNA as the genome, 
and envelope proteins comprising hemagglutinating activity. 
Minus-strand RNAs are also referred ' to as negative strands'. 
Examples of minus-strand RNA viruses are Paramyxoviridae Sendai 
viruses, Newcastle disease viruses, mumps viruses, and measles 
viruses; Orthomyxoviridae . influenza , viruses; and Rhabdoviridae 
vesicular stomatitis viruses and rabies -viruses . 

In this invention, viral 'envelope proteins with 
hemagglutinating activity are preferably the envelope proteins 
of single-stranded minus-strand RNA 'viruses. Single-stranded 
minus-strand RNA viruses 'are also referred to as non- segmented 
minus-strand RNA viruses v comprising viruses belonging to 
Paramyxoviridae (including paramyxoviruses, morbilliviruses, 
rubulaviruses, pneumoviruses, and ■• such); Rhabdoviridae 
(including vesiculoviruses, lyssaviruses, ephemeroviruses, and 
such) ; Firoviridae; Orthomyxoviridae (including infuluenza 
viruses A, B, and C, thogoto-like viruses, and such) ; 
Bunyavir idae ( including bunyaviruses , hantaviruses , nairoviruses , 
phleboviruses, and such) and viruses of .Arena viridae. Specific 
examples of envelope proteins with hemagglutinating activity are 
HN protein of Paramyxoviridae, HA protein of Orthomyxoviridae, 
HA protein of influenza virus, Gl protein of Bunyaviridae, G 
protein of Rhabdoviridae, VP1 protein of Firoviridae, and such. 

In this invention, viral envelope proteins with 
hemagglutinating activity are more preferably derived from 
paramyxoviruses. "Paramyxoviruses" refer to viruses belonging 
to Paramyxoviridae. Paramyxoviruses includes, for example, 
paramyxoviruses , morbilliviruses, rubulaviruses, pneumoviruses , 
and metapneumoviruses ; specific examples being Sendai virus, 
Newcastle disease virus, mumps virus, measles virus, respiratory 
syncytial virus, rinderpest virus, distemper virus, simian 
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parainfluenza yiriis (SV5) , human parainfluenza virus types 1, 2, 
and 3, and such. A specific example of a paramyxovirus envelope 
protein with »hemagglutinating activity, is HN protein (also 
referred tp .. as , H protein) . In this invention, viral envelope 
5 proteins, with .hemagglutinating • activity are .more .preferably 
those of viruses belonging tto a Paramyxoviridae subfamily, 
including paramyxoviruses, morbilliviruses, and rubella viruses, 
and further more preferably paramyxovirus viral* envelope* 
proteins. The. viral envelope proteins with hemagglutinating 

10 activity are mbst preferably the Sendai virus HN protein. The,se 
viruses can be derived from , wild Strains, mutant strains, 
laboratory-passaged- strains, and artificially constituted 
strains. For example, HN protein, derived from Sendai virus Z 
strain can be preferably used. Nucleotide sequences df Sendai 

15 virus HN gene ' are registered at GenBank accession Nos. D26475, 
M12397, M3 0202,, M30203, M30204, M69046., X00586, X02808, X56131, 
etc. 

Furthermore, as an envelope protein with viral 
hemagglutinating activity, HA proteins of viruses belonging to 

20 Orthomyxoviridae are also preferably used. For example, 
pseudotyped viruses produced . using an envelope protein 
expression plasmid of the influenza virus can infect a' wide 
range of mammalian cells, including human cells. An envelope 
protein of influenza virus derived from a preferable isolated 

25 strain can be used. In the budding of influenza viruses, 
neuraminidase plays a role in. cleaving the bond between HA 
protein and sialic acid. Therefore, in preparing HA pseudotyped 
viruses, infective viruses can be obtained by treating the 
viruses with neuraminidase before, while, or after attaching a 

3 0 compound to HA. Alternatively, by preparing a viral vector that 
coexists with a protein having neuraminidase activity, the bond 
with sialic acid can be automatically cleaved. In this case, a 
viral envelope protein with neuraminidase activity, such as HN 
protein of paramyxovirus in particular, is preferably used. 

35 Thus, the present invention provides compositions with reduced 
viral hemagglutinating activity comprising a pseudotyped viral 



vector containing both HA protein of. an Orthmyxoviridae virus 
and HN protein of a Paramyxoviridae virus, 'in which* a compound 
is attached to either one or both of the proteins. 

The viral envelope proteins may be- intact proteins derived 
from, wild-type viruses, or naturally, or artificially mutated 
proteins. For example, it is possible to analyze antigen- 
presenting epitopes or the like as potential cell* 'surface 
antigen molecules in. these' envelope proteins, and then use these 
epitopes . to construct, viruses using, proteins with lowered 
antigen-presenting ability. Furthermore, it is also possible to 
use envelope proteins and such derived from attenuated strains 
of pathogenic viruses. . . 

For example, using viral envelope proteins with 
hemagglutinating activity and other., envelope proteins whose 
cytoplasmic domains have been modified by deletion, Substitution, 
an,d/6r . addition of aminb acid residues, vectors with . higher 
gene- introducing ability i can be constructed. The present 
invention relates to compositions comprising viral vectors that 
comprise a naturally-occurring viral > envelope protein with 
hemagglutinating activity whose partial or whole cytoplasmic 
domain is modified by substitution, deletion, and/or addition of 
amino acid residues, in which a compound is attached to the 
viral envelope protein with hemagglutinating activity. 
Specifically, for example, modified proteins obtained 'by 
deleting the cytoplasmic domain of HN protein of paramyxovirus, 
or by substitution or addition in the cytoplasmic domain of 
other membrane proteins (such as envelope proteins of 
retroviruses including lentiviruses ) are preferably used for 
producing pseudotyped retroviral vectors with high infection 
efficiencies. 

In this invention, hemagglutinating activity means the 
activity of causing hemagglutination (HA) , that is, the activity 
of agglutinating erythrocytes. Hemagglutinating activity can be 
examined by methods known in the art (Kokuritsu Yobou Eisei 
Kenkyujo Gakuyukai, ed. Second edition, "Virus Experiments", 
Introduction, pp. 214-225, Maruzen Co., Ltd.). For example, 
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erythrocytes- derived , from chickens (including chicks and adult 
chickens), geese, rats,, guinea pigs, rhesus monkeys, green 
monkeys, or hum&ns are available.. Reactions are performed under 
suitable conditions, depending on the proteins, such as at 0°C, 
5 4°C, room temperature, or 37°C. 1 Specifically, .hemagglutinating 
activity, cah be measured, for example, by the "end-point 
dilution method" (Kato, A. et al . , 1996, Genes Cells 1: 569-579; 
Yonemitsu, Y. and Kaneda, Y.,. Hemaggulutinating virus of Japan-* 
liposome-mediated gene delivery to vascular cells. Ed. by Baker 

10 AH. Molecular 'Biology of Vascular Diseases. Method in i Molecular 
Medicine: Humana Press: pp. 295-366', 1999). 

Compounds are attached to ^ the minu,s- strand RNA virus 
envelope proteins with . hemagglutinating activity in' the 
composition^ ^ of this invention,'^ wherein hemaggiiltinating 

15 activity is reduced compared to when the compound is not 
attached. In t,his invention, the term. "reduced hemagglutinating 
activity" means significantly reduced hemagglutinating activity, 
and comprises, for example, activity that is reduced 
statistically significantly (e.g. a significance level of 5% or 

20 more), and also, completely eliminated activity (or activity 
below the detectable level). The hemagglutinating activity of 
the compositions ' of this invention is preferably reduced to 1/2 
or less of that of a control composition to which the compound 
is not attached, more preferably to 1/3 or less, more preferably 

25 to 1/5 or less, more preferably to 1/10 or less, more preferably 
to 1/20 or less, more preferably to 1/50 or less, more 
preferably to 1/100 or less, more preferably to 1/200 or less, 
more preferably to 1/500 or less, and more preferably to 1/1000 
or less. In contrast, the ability of the compositions of this 

30 invention to introduce a pharmaceutical or gene into cells is 
maintained at a high level compared to the decrease in 
hemagglutinating activity. That is, when compared to a control 
composition to which a compound is not attached, the ability of 
a composition of this invention to introduce a pharmaceutical or 

35 gene into a cell is reduced by a smaller degree, or, more 
preferably, not reduced but rather elevated. 



Furthermore, the hemolytic activity of the compositions of 
this invention is also preferably significantly reduced. 
Hemolytic activity can be detected by attaching a test 
composition to blood; leaving the mixture to stand; cent ri fluking 
to remove blood cell components; and then measuring the 
'absorbance of the eluted hemoglobin '(see Examples).- The 
hemolytic activity of the compositions of this invention is 
reduced preferably to 70% or less' of that of a control 
composition to which a compound is not. attached, more preferably 
to 60% or less, more perferably to 1/2. or less, more . preferably 
to 1/3 or less, more preferably to 1/5 or less, more preferably 
to 1/10 or less, more preferably to 1 1/20 or less, and more 
preferably to 1/50 or less. 

The hemagglutinating activity of the compositions of this 
invention is reduced, and, in a preferred enbodinient, their 
hemolytic activity is al^o decreased,; however their ability to 
introduce a pharmaceutical' or gene into the cells is retained. 
For example, compositions comprising a minus- strand RNA- virus or 
the envelope component of the virus can fuse with the cell 
membrane of target cells, delivering ' a pharmaceutical or gene 
into the cells. A cell membrane fusion ability means the 
ability to incorporate constituent components into a cell after 
a complex (carrier) comprised in the composition of this 
invention has adhered to the cell membrane, using the fusion 
activity of the complex. This activity is due to the function 
of fusion (F) protein, which causes cell fusion and is comprised 
in the envelope of minus-strand RNA viruses. The cell membrane 
comprised in the compositions of this invention preferably 
comprises F protein of a minus-strand RNA virus, in addition to 
the envelope protein with hemagglutinating activity to which a 
compound is attached. 

The ability to fuse with cells can be detected by methods 
such as: (1) using erythrocyte hemolysis as an indicator; (2) 
incorporating a fluorescent substance into the membrane and 
using changes in fluorescence intensity due to dilution by 
membrane flux during fusion; or (3) encapsulating a 
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pharmaceutical ( into the aqueous core of \a liposome as a cell 
membrane- model, and using leakage of the pharmaceutical as an 
indicator. ■ 1 

Furthermore, when the compositions, of this invention are 
5 prepared .. as ' pseudotyped viruses from* other viruses, such as 
those of. Retroyiridae as described above, the compositions are 
still capable • of introducing a pharmaceutical or gene comprised 
within the ' virus ' into cells,, due to envelope proteins, of the* 
respective viruses. An ability to introduce a pharmaceutical or 

10 gene into cells can be confirmed by detecting the pharmaceutical 
or gene. A pharmaceutical can ' be detected, for example, by 
detecting the uptake of a labeled^ pharmaceutical into cells, or 
by introducing a biologically active substance into cells and 
examining changes in cellular characteristics caused 1 by that 

15 substance : On the other hand, expression of a gene within the 
cells can be detected at the RNA level or protein level, by 
methods such as PT-PCR, Northern blotting hybridization, 
immunoprecipitation, Western blotting, and such. Alternatively, 
a gene encoding a biologically active protein can be 

20 incorporated into cells, and changes in cellular characteristics 
caused by that protein can be measured. 

Furthermore,' the stability of the compositions of ' this 
invention in blood is preferably . significantly elevated. 
Elevated stability in blood means a smaller degree of decrease 

25 in the composition's ability to deliver a pharmaceutical or gene 
when a composition of the present invention is placed in blood. 
The. smaller the decrease in the delivery capability of the 
composition, the higher the composition's stability is in blood. 
Elevation of stability in blood can be detected by incubating a 

30 composition of this invention with blood; measuring the. post- 
incubation level of a pharmaceutical or gene delivered by the 
composition; and comparing the level with that obtained by a 
control composition to which the compound is not attached (see 
Examples) . Delivery capability may be referred to as the 

35 activity of a pharmaceutical in the case of pharmaceuticals, and 
as the expression level of a gene in the case of genes. Gene 
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expression can be determined, for example, by directly or 
indirectly detecting the transcription product ' (mRNA) or 
translation product (protein) . A biologically active protein 
can be detected by measuring the activity of the protein/ * The 
degree of decrease in the ability of a composition of this 
invention to deliver , a pharmaceutical 1 or gene is preferably 
reduced to 70% or less of that of a control •composition to which , 
the compound is not . attached, more .preferably to 60% or less, 
more preferably to 1/2 or less, more preferably to 1/3 or less, 
more preferably to 1/5 or less, more preferably to 1/10 or less. 
Compared to an unmodified control composition, it is desirable 
that the capability of a composition of this invention to 
deliver a pharmaceutical or gene is elevated relative to its 
hemagglutinat.ing activity. 

In this invention, the phrase w a compound is Attached to 
the envelope protein having hemagg^utinating activity", means 
that the protein is bound to the compound. The binding may be a 
covalent or noncovalent bond. Examples of noncovalent bonds are 
hydrogen bonds, coordinate bonds, ionic bonds, hydrophobic 
interactions (hydrophobic bonds), and ' intermolecular force (van 
der. Waals forces) . The protein and the compound may initially 
exist separately, and the compound may be attached to the 
protein via bonding. A compound can be attached to the envelope 
protein having hemagglutinating activity by, for example, 
forming covalent bonds by cross-linking. The crosslinks can be 
formed with any preferred functional groups. Functional groups 
include, for example, hydroxyl groups, amino groups, aldehyde 
groups, carboxyl groups, thiol groups, silanol groups, amide 
groups, epoxy groups, succinylimide groups, phenol groups, and 
such, but are not limited thereto. Examples of covalent bonds 
are ester bonds, ether bonds, amino bonds, amide bonds, sulfide 
bonds, imino bonds, disulfide bonds, etc. The protein and the 
compound are preferably bound with a non-peptide bond. Methods 
for forming covalent bonds include cyanogen bromide activation 
methods, acid azide derivative methods, condensing agent methods, 
diazotization methods, alkylation methods, etc. 
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The pharmaceutical- or gene-carrier "■ compositions of thlis 
invention can be produced by a method comprising the steps of: 
contacting a c6mpound with a minus -strand RNA virus envelope 
protein having- hemagglutinating • activity; and binding the 
5 protein with the compound.' The compound is bound to the 
envelope, protein at its domain exposed on the viral surface. 
Therefore, specifically, the step of contacting the compound 
with the protein is preferably performed by contacting the* 
compound with, virions comprising that protein. Thus, the 

10 compound can be specifically attached to a protein involved wi-th 
the hemagglutinating. activity by a 'domain that is exposed on the 
viral surface, In particular, th^s ': invention reveals that eyen 
in the presence of other envelope proteins, the compound will 
preferentially attach to . ,the, ( ei^velope protein with 

15 hemagglutinating activity on the viral surface via compound 
crosslinking, significantly reducing hemagglutinating activity. 
Therefore, it is possible to easily produce a virus in which a 
compound is attached to the envelope protein having 
hemagglutinating activity, for example, by the steps of: 

20 attaching a compound produced by usual methods to a virus to 
which a compound is not attached; and then binding the compound 
to the virus . , . • 

Compounds to be attached to 'the envelope protein having 
hemagglutinating activity are not limited,, as long as they can 

25 significantly inhibit the' hemagglutinating activity of the 
protein. It is preferable that these compounds have no 
significant biological toxicity, and are chemically stable after 
the protein attachment. Also, the compounds are non-antigenic, 
or have low antigenicity. Furthermore, the compounds to be 

30 attached are preferably water-soluble. In order to effecively 
inhibit the hemagglutinating activity, the molecular weights of 
the compounds are preferably 1,600 Daltons (Da) or higher, more 
preferably 1,800 or higher, more preferably 1,900 or higher, and 
more preferably 2,000 or higher. Particularly preferable 

35 compounds have a molecular weight of 2,800 Da or higher, more 
preferably 3,800 or higher, more preferably 4,300 or higher, 
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more preferably 4,500 or higher, and more preferably 5,000 or 
. higher. In particular, compounds with . a ^molecular weight of 
12,000 Da or higher, more preferably 14,000 or higher, more 
preferably 15,000* or higher, more preferably 16,000 or hihger, 
■. ,5 ' more preferably 18,000 or higher, and more preferably 20,000 or 
■higher can remarkably inhibit hemagglutinating activity. 

The compounds to 'be attached may be various polymers such 
\, as organic compound polymers. They ' may also have an unevein 

molecular weight distribution, in which case the phrase 

10 "molecular weight of a compound to 1 be attached" used herein 
means an average molecular weight. ' The distribution of 
molecular weight (MW/Mn) value is preferably small, for example, 
5 or less, preferably 3 or less, more preferably 2 or less, more 
preferably 1.6 or less, and more preferably 1.4 or less. 

15 Specifically, the natural polymers can be, for example, 

, proteins such as antibodies,, albumin, collagen, gelatin, .fibrin, 
lectin, and heparin, or fragments thereof; polysaccharides such 
as dextran, cyclodextrin, dextran sulfate, cellulose,, chitin, 
chitosan, and alginic acid; and lipids. As the synthetic 

20 polymers, polylactic acid, ' polylysine, polystyrene, pyran 
polymer, polyglutamic acid, polyacrylamide, polyvinyl alcohol, 
polyethyleneglycol, styrene-maleic acid copolymer, lysine- 
glutamic acid copolymer, polyhydroxyethyl methacrylate, Ficoll, 
and such can be used. • 

25 The compound to be attached , is exemplified by a 

polyethyleneglycol (PEG) in particular (J.M. . Harris, 
"Polyethylene Glycol Chemistry. Biotechnical and Biomedical 
Applications" , Plenum, New York, NY, 1992; J.M. Harris and S. 
Zalipsky, "Chemistry and Biological Applications of Polyethylene 

30 Glycol", ACS Books, Washington, D.C., 1997). PEGs are 

preferably used because of their water solubility, and low or 
non-toxicity . "PEG" represents compounds comprising the 

following structure: 
-(CH 2 CH 2 0)n- [Compound 1] 

35 wherein, n is a natural number of 2 or more. 
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For' example, ' a. typical PEG. is exemplified by compounds 
comprising the following structure: ( 
HO- (CH 2 CH 2 0) n -H V' [Compound. 2] 
wherein, n, is a . natural number of 2 or more. 
5 ' ■ *\ . 

PEGs ckn comprise any desired modified derivatives, for 
example, in which a hydroxyl group or such is substituted in the 
terminal o£ the above structure. For example, monotaethylethen 
(mPEG) , in which a hydroxyl group on one end of the main chain 

10 has been substituted, is preferably used in this invention. 
PEGs may be linear, or branched.' • For ' example , PEGs comprising 
one, two, three, or more side chains c,an fc|e used. These side 
chains may comprise the . ethylerieglycol. structure . PEGs of 
various molecular weights are available. For example,' PEG2000 

15 (average molecular weight:. 2000), PEG3000 (average molecular 
weight: 3000), ,PEG4000 (average molecular weight: 4000), PEG5000 
(average molecular weight: 5000), PEG8000 (average molecula.r 
weight: 8000), PEG10000 (average molecular weight: 10000), or 
PEG20000 (average molecular weight: 20000) can be preferably 

20 used. By using a PEG that comprises a functional group for 
cross -linkage,, the PEG can be attached to the envelope protein 
having the hemagglutinating activity. 

For example, a PEG comprising 'a primary amino group on its 
terminus can be cross-linked with an acylation reagent (Buckmann, 

25 A. et al (1981) Makromol . Chem. 182:1379; Zalipsky, S. et al 
(1983) Eur. Polym. J. 19: 1177; Eidelman, 0. et al (1991) Am. J. 
Physiol. 260 (Cell . Physiol 29): C1094; Pillai, V.N.R. et al 
(1980) J. Org. Chem. 45:5364). Alternatively, PEG can be simply 
cross-linked using an N-hydroxysuccinimide (NHS) -activated ester, 

30 activated carboxylic acid, activated aldehyde, or such. 
Specific examples of PEG- carboxylic acid NHS esters are PEG- 
succinimidyl succinate, PEG-succinimidyl carbonate, PEG- 
succinimidyl propionate, and PEG-succinimidyl butanoate (Olson, 
K. et al, (1997) J. M.. Harris & S. Zalipsky Eds., Poly (ethylene 

35 glycol), Chemistry & Biological Applications, pp 170-181, ACS, 
Washington, DC; Harris, J. M. and Kozlowski, A., US Patent No. 



5,672,662). Furthermore, benzotriazole carbonate derivatives of 
PEG form a stable urethane bond with protein amino groups 

(Dolence, Eric K. , US Patent No. 5,650,234). A PEG comprising 
an aldehyde group on its terminus can be also used. . Aldehyde 
groups can react with amines under milder conditions than for 
NHS ester. For example, PEG-propionaldfehyde can be preferably 
used (Harris, J.M. et al (1984) J. Polym. Sci. Polym. Chem. Ed. . 
22: 341; Kinstler, Olaf B. et al ; . , U. S. Patent 5,824, 784; Wirth, 
P. et al (1991) Bioorg. Chem. 19:. .133). Furthermore, a 
maleimide derivative of PEG can be cross-linked to a. thiol group 

(Goodson, R.J. & Katre, N.V.- (1990) Bio/Technology 8: 343; Kogan, 

T.P. (1992) Synthetic Comm. 22, 2417). Carboxymethyl-NHS 

i • 

derivatives, norleucine-NHS derivatives, tresylate derivatives, 
epoxide derivatives, carbonyl imidazole derivatives, and PNP 
carbonate derivatives of PEG can be also used. In particular, 
PEG tresylate and PEG sudcinimidyl propionate can be preferably 
used. ' 

The compound can be bound, for example, by preparing 
virions comprising an envelope protein with hemagglutinating 
activity at a concentration* of about 1 mg protein/ml, and 
attaching the compound preferred to be attached at about 0.1 to 
100 mg (preferably about 1 to 50 mg) to the virions. For 
example, by reacting SPA-PEG5K (1 to 5 mg) or SPA-PEG2 0K (about 
10 to 20 mg) with the virus (1 mg protein) in a buffer solution 
(pH8.5), it is possible to significantly reduce the 
hemagglutinating activity of the virus and yet maintain the 
ability of the virus to introduce a pharmaceutical or gene into 
cells. Since the attachment of a compound to the protein may. be 
affected by reaction conditions, such as the amount of the 
compound used in the reaction, conditions are appropriately 
adjusted so as to significantly reduce the hamagglutinating 
activity and maintain the ability to introduce a pharmaceutical 
or gene into cells. 

For example, when attaching a compound to a minus-strand 
RNA virus, the ratio of the amount of compound to virus, 
expressed as the molar amount of the compound and the protein 
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weight of the, virus, can be set - at 1 to 10 |imol/mg protein 
(compound: virus ratio), more preferably 2 to, 8 ^mol/mg protein, 
and further more preferably 3 , to 8 ^imol/mg protein, for example, 
about 4 ixmol/mg" protein. 
5 To avoid loss of the ability to introduce a pharmaceutical 

or gene . int6. cells,/ the moleaular weight of a compound to be 
attached is preferably 100,000 Da or less, more preferably 
80,000 or less, more preferably 60,000 or less, 1 and more* 
preferably 50, .000 or. less. . Particularly, compounds with a 

10 molecular weight of 40,000 Da or less, more preferably 1 35 , 000 or 
less, more preferably 30,000 or less, more preferably 25,000 or 
less, more preferably 20,000 or less, ar.e preferable to maintain 
the introducing ability and specif ically reduce hemagglutiriating 
activity. ' , ■ ( , 

15 As shown in Example 28, when modifying the hemagglutinin 

protein, the ability to introduce a pharmaceutical or gene was 
revealed to be even further enhanced by further modifying the 
protein with an aliphatic polyamine, such as a polyethyleneimine 
(PEI). W PEI" stands for compounds comprising the following 

20 structure: 

-{CH 2 CH 2 NH)n [Compound. 3] . 

wherein, n is a natural number, of 2 or more. 

For example, attaching PEI to ' the PEG-modified derivative 
of a minus-strand RNA virus can enhance its gene -introducing 

25 ability significantly. In this case, the ratio of the amount of 
PEI to virus, expressed as the . weight of the compound ,and the 
protein weight of the virus, can be set at 0.001 to 1 
(compound/ virus ratio), more preferably 0.01 to 0.2, and more 
preferably 0.01 to 0.1. PEI comprising an average molecular 

30 weight of, for example, 25 kDa to 750 kDa can be preferably used, 
but is not limited thereto. 

Furthermore, in this invention, it was found that even when 
the efficiency of pharmaceutical or gene introduction is reduced 
or lost upon attachment of a compound to a hemagglutinin protein, 

35 this introduction efficiency can be retained by attaching a 
compound with cell-binding activity to a complex comprising this 



protein. Thus, it has become possible to prepare the 
pharmaceutical- or gene-carrier compositions of this invention 
without limiting the molecular weight of the compound 'to be 
attached to the envelope protein. The present invention 
provides pharmaceutical- or gene-carrier compositions comprising 
a cell membrane containing a minus- str&nd RNA virus, envelope 
protein with hemagglutinating activity, wherein: (a) a compound 
is attached to the protein; (b) hemagglutinating activity is 
reduced compared to a composition to which the compound is not 
attached; (c) the composition comprises a complex formed from 
the protein together with a compound comprising cell-binding 
activity; and: (d) the composition has the ability to introduce a 
pharmaceutical or gene into, target cells. Even when a compound 
is- bound to the envelope protein to, inhibit hemagglutinating 
activity and gene introduction, it* is possible to inhibit 
hemagglutinating activity 1 and yet maintain gene introduction 
ability by further incorporating a ligand in to the compound. A 
"ligand" is a compound that binds to a receptor on .the cell 
surface, activating the receptor function. For example, when 
using an ant ibody F ( ab 1 ) 2 fragment (MW: about 50 kDa) , keeping 
down the amount of binding antibody fragment can retain a gene- 
introducing ability of the viral vector relative to. the residual 
hemagglutinating activity. However, even when hemagglutinating 
activity is completely inhibited, a vector's gene -introducing 
ability can be dramatically enhanced by binding the antibody 
with a ligand (folic acid) having cell-binding activity (see 
Examples) . 

Forming a complex between a compound having cell -binding 
activity and an envelope protein with hemagglutinating activity 
means that the compound and the protein bind to each other 
directly or indirectly (for example, via another compound) , by a 
covalent or non-covalent bond. Bonds may be either covalent or 
non-covalent . For example, a composition may comprise a cell 
membrane comprising an envelope protein having hemagglutinating 
activity and a compound having cell-binding activity. The 
compound with, cell-binding activity must be exposed on the 
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surf ace of *th ( e complex. For 'example, when the complex is' a 
virion, the protein and. the compound may jexist on the viral 
envelope surface. Alternatively, . when the. complex is a liposome, 
the protein , and the compound may exist, on the surface of the 
5 liposome. 'In'', .order to bind- a- compound with cell-binding 
activity, to, 'the complex, for example, the compound can be cross- 
linked to a desired envelope protein comprised in the complex, 
or preferably to an envelope protein with hemagdjlutinatingt 
activity. Crass-links can be . formed using a desired functional 

10 group in a siniilar way to that described above. Alternatively, 
if the compound is a protein, it * can bfc expressed as a membrane 
protein in . the envelope, or as a fusion ( protein with an envelope 
protein comprised in the complex. In a preferred embodiment , a 
compound with ' cell -binding activity '.binds directly' to the 

15 compound attached to the envelope protein with hemagglutinating 
activity, through a covalent or non-covalent bond. The compound 
with cell -binding activity can also be the same compound that is 
attached to. the envelope protein with hemagglutinating activity. 
The present invention relates to methods for producing 

20 pharmaceutical- or gene-carrier compositions which comprise a 
cell membrane, comprising a minus-strand RNA virus envelope 
protein ( having reduced hemagglutinating activity, wherein the 
method comprises the steps of:, (a)' contacting a compound with 
the protein; and (b) binding the protein and the compound; and 

25 further (i) attaching a compound with cell -binding activity to 
the compound. Step (i) may be performed before step (a), or 
simultaneously with step (a) or step (b) , or in between step (a) 
and step (b) , or after step (b) . Step (i) is preferably 
performed before step (a) . Alternatively, a compound that has 

3 0 already undergone step (i) may be attached to the minus -strand 
RNA virus envelope protein with hemagglutinating activity. 

Any preferred compounds can be used as compounds with cell- 
binding activity, so long as they are capable of binding to a 
cell surface, and thereby assisting a composition of this 

35 invention to introduce a pharmaceutical or gene into cells. For 
example, compounds binding to cell surface proteins or cell 
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surface sugar chains can be used as such compounds. Specific 

. examples are viral envelope proteins, . natural or synthetic 

ligands, hormones, or cell adhesion factors. Specifically, 

folic acid, transferrin, erythropoietin, antibody, lectin, 

'. .5 ' galactose, mannose, and such can be used. 

Among them, in this invention, folic acid was proved to be 

extremely effective in maintaining the pharmaceutical- or gene- 

introducing ability of the complex comprised in the compositions 

, of this invention. The present . invention . provides 

,10 pharmaceutical- or gene-carrier compositions which comprise a 

cell membrane comprising a minus -strand RNA virus envelope 

protein with hemagglutinating activity., wherein (a) a compound 
1 • i 

is attached to the protein; (b) hemagglutinating activity is 

reduced compared to a composition to '.which the compound is not 

15 attached; (c) the composition comprises a complex formed by the 
, ■ prptein and folic acid; and (d) the .composition has the ability 
to introduce a pharmaceutical or gene into target cells. In 
particular, folic acid preferably binds directly to the. compound 
attached to the protein. 

20 When producing the compositions of this invention using a 

compound with cell-binding activity, a particularly preferable 
compound to be attached to the envelope protein with 
hemagglutinating activity is an antibody that binds to the 
protein. \ In a preferred embodiment the compositions of this 

25 invention are compositions comprising an envelope protein with 
hemagglutinating activity bound with an antibody or fragments 
thereof, wherein the envelope protein forms a complex with the 
compound with cell -binding activity. That is, the present 
invention relates to pharmaceutical- or gene-carrier 

30 compositions which comprise a cell membrane comprising a minus- 
strand RNA virus envelope protein with hemagglutinating activity, 
wherein (a) an antibody or fragment thereof that binds to the 
protein is bound to the protein; (b) hemagglutinating activity 
is reduced compared to a composition to which the compound is 

35 not attached; (c) the composition comprises a complex formed, by 
the protein and the compound with cell -binding activity; and (d) 
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the compiositiqn has the ability* to introduce a pharmaceutical or 
gene into target cells. .The compound with c^ll -binding activity- 
is more preferably bound directly to the antibody or fragments 
thereof 

5 In this*' invention, antibodies include monoclonal .antibodies 

i ■ • i 

and polyclonal antibodies. • They further include antisera 
obtained by immunizing experimental animals such as rabbits with 
the proteins of this invention, all classes of 'polyclonal* 
antibodies and monoclonal .antibodies 1 , and further, human 

10 antibodies, ahd humanized antibodies, that result from gene 
recombinations. Polyclonal antibodies are produced by, for 
example, preparing an envelope protein, hav,ing hemagglutinating 
activity, or partial peptides thereof; and immunizing, a rabbit, 
goat, sheep, of such with this protjsinor peptide as an'antigen. 

15 As an antigen peptide, the extracellular domain of the envelope 
protein with hemagglutinating activity, or fragments thereof, 
can be used. Antigen peptides can be appropriately coupled to 
other proteins, for example, carrier proteins such as keyhole 
limpet hemocyanin and albumin for immunization. Monoclonal 

20 antibodies can be prepared by using the spleen cells of 
immunized mice or rats to obtain hybridomas that produce 
monoclonal antibodies. Antibodies can be prepared by methods 
known in the art (Harlow, E. and Ldne, D. (eds.), Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988; 

25 Shepherd, P. and Dean, C. (eds.), Monoclonal Antibodies: A 
Practical Approach (Practical Approach Series, 227), Oxford Univ 
Press, 1999) . Polyclonal antibodies can be purified from sera, 
while monoclonal antibodies can be purified from hybridoma 
culture supernatants or ascites of animals inoculated with 

30 hybridomas, using common biochemical techniques such as ammonium 
sulfate fractionation, protein G Sepharose column, af f initiy 
columns with an immobilized antigen, etc. In this invention, an 
antibody that binds to an exterior region (an extracellular 
domain) of an envelope protein with hemagglutinating activity, 

35 is preferably a monoclonal antibody, and more preferably an HN-1 
described in Example 12, can be used (Miura et al . , Exp. Cell 
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Res., 1982, 141, 409-420). The antibodies in this invention may- 
be antibody fragments, so long as they, bind to the envelope 
proteins with hemagglutinating activity (antigen proteins) , and 
comprise, for example, a Fab, Fab(t), Fab 1 , F(ab f )2,. antibody 
variable region fragment (Fv) , single chain Fv (scFv) , or 
modified derivative thereof. Fab is a complex consisting of one 
polypeptide chain comprising an antibody. H chain variable region, 
and one polypeptide chain comprising , ah L chain variable region. 
These polypeptides bind with • each other to form one antigen- 
binding site (monovalent). Although 1 Fab is typically obtained 
by digesting immunoglobulins with papain, in this invention, 

fragments comprising a structure equivalent thereto are also 

i 

referred to as Fab. Specifically, Fab includes a dimeric 
protein in which immunoglobulin L cha.in and polypeptide chains 
comprising an H chain variable region (V h ) and C H 1 ire linked. 
Fab' (obtained by digesting immunoglpbulin with pepsin ; followed 
by cleaving the disulfide bond between H chains), Fab(t) 
(obtained by digesting immunoglobulin with trypsin), .and such 
also have structures equivalent to that of Fab. Furthermore, 
F(ab') 2 means an antibody whose constant region is deleted, or a 
protein complex comprising a structure equivalent thereto, and 
specifically refers to a protein complex of two complexes, 
consisting of one polypeptide chain comprising an antibody H 
chain variable region and one polypeptide chain comprising ari L 
chain variable region. F(ab')2 is a divalent antibody comprising 
two antigen-binding sites. F(ab') 2 is typically obtained by 
digesting an antibody with pepsin at around pH 4, and comprises 
the H chain hinge region. However, F(ab ! ) 2 may be digested with 
other proteases, or cleaved with pharmaceuticals, or 
artificially designed. scFv stands for a polypeptide in which 
an. antibody H chain variable region and L chain variable region 
are comprised in a single polypeptide chain. An H chain 
variable region and an L chain variable region are joined via a 
spacer of appropriate length, binding with each other to form an 
antigen-binding site. Such antibody fragments can be prepared 
from, for example, descriptions in "New Biochemistry Experiments 
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(Shin ieikagaku ' Jikken Kouza) 12, Japanese Society of 
Biochemistry, ed. Molecular Immunology III , pp 185-195 (Tokyo 
Kagaku Dojin)" 'and/or "Current Protocols ,in Immunology, Volume 1, 
(John Wiley & Sons, Inc.)". Antibody fragments can be obtained 
5 by digesting antibodies with proteolytic enzymes, such as pepsin, 
papain, or ..trypsin.. Alternatively, antibody fragments can be 
prepared by identifying the amino acid sequences of the variable 
regions, and expressing these sequences as recombinant! proteins.' 
Furthermore, antibodies also include humanized antibodies or 

10 human antibodies. Antibodies can be purified by* affinity 
chromatography using, a protein A dolumh, protein G column, and 
such. , | • » • 

In this invention, it is particularly- preferable to attach 
fragments comprising an ant ibody , v^r.iable region (antigen- 

15 binding region) to the envelope protein with hemagglutinating 
activity. Any preferred fragments, that comprise variable 
regions of H chain and/or L chain of antibody can be used as 
such fragments, including, for example, Fab, Fab(t), Fab', 
F(ab ! )2/ Fv, scFv, or modified derivatives thereof. 

20 In this invention, the pharmaceuticals to be transferred 

into cells may be any preferred compounds, such as naturally 
occurring compounds, synthetic, compounds, inorganic or origanic 
compounds, and small or macromolecular compounds. Furthermore, 
the genes to be delivered by a composition of this invention may 

25 be any preferred nucleic acids, exemplified by nucleic acids 
such as DNA or RNA, and derivatives thereof. Nucleic acids may 
be cyclic and linear single- or double -stranded deoxyribonucleic 
or ribonucleic acids. Examples of nucleic acid derivatives are 
the phosphothioate and phosphodithioate . Specific examples of 

30 pharmaceuticals or genes to be. delivered by the compositions of 
this invention are: antisense nucleic acids (Drug Delivery 
System, 10, 91-97, 1995); decoy (Journal of Biological Chemistry, 
267, 12403-12406, 1994); ribozymes (Drug Delivery System, 10, 
91-97, 1995); triple-stranded DNAs (Saibokogaku, vol. 13, No. 4, 

35 277-285, 1994); plasmid DNAs (Methods Enzymology, 221, 317-327, 
1993); RNA vectors; and complexes of these substances and 



carriers (Proceedings of National Academy of Sciences of United 
States of America, 89, 7934-7938, 1992) or proteins '(Journal of 
Biological Chemistry, 266 (6), 3361-3364, 1991); and anticancer 
drugs, antiviral drugs, toxins (diphtheria toxin (Biofchim 
Biophys Acta, 1192, 253-262, 1994); lysine (Biochim Biophys Acta, 
1070, 246-252, 1991)),, enzymes (Immunoldgy, 81, 280-284, 1994), 
and other preferred biologically active substances. A preferred, 
gene can also be inserted into a. genomic nucleic acid and 
expressed from a recombinant virus. 

The compositions of this invention can be used in direct 
administration (in vivo) and indirect administration (ex vivo) 
to the living body, and furthermore, can be administered into 
cells outside the living body (in vitro) . In in vivo 
application, the composition may be' , administered through any 
preferred administration route, as long as the pharmaceutical or 
gene can reach a target! cell or tissue. Depending on the 
properties of the active' ingredients, administration can be 
performed, for example, orally,, percutaneously, intranasally , 
perbronchially , . intramuscularly, 1 intraperitoneally , 

intravenously, intraarticulariy, or subcutaneous ly, but is not 
limited to these routes. Furthermore, the compositions can be 
administered systemically or locally. In in vitro (including ex 
vivo) administrations, the compositions of this invention are 
attached so as to contact target cells, for example, they are 
attached into cell cultures. Since the compositions of this 
invention are extremely stable in blood in particular, they are 
useful as injections that are used for administration into the 
blood, such as for intravenous injections. 

Complexes comprising a cell membrane comprising a minus- 
strand RNA virus envelope protein with hemagglutinating activity, 
prepared by a method of this invention, can. be combined with a 
preferable and pharmacologically acceptable carrier or vehicle, 
as necessary. "Pharmacologically acceptable carriers or 

vehicles" are materials, that can be administered together with 
the complex, and do not significantly inhibit the introduction 
of a pharmaceutical or gene into cells via this complex. 



i 1 



11 . 1 

Compounds can, be formulated by appropriately combining, for 
example, ' sterilized water, physiological saline, culture medium 
solution, serum', and phosphate -buff ered , saline (PBS). When a 
minus-strand- RNA vector is proliferated in hen eggs, the 

5 composition may contain allantoic" fluids. Furthermore, the 
compositions ' of , this' invention -may comprise carriers or vehicles 
such as deionzied water and 5% dextrose aqueous' solution; 
stabilizers for liposome membranes (e.g. sterols' such as 1 
cholesterol) ; antioxidants (such as tocopherol and vitamin E) ; 

10 and additionally, plant oils., suspension agents, surfactants, 
stabilizers,, biocides, and such. 

Furthermore, preservatives ,and other i additives can ,be 
attached thereto. The compositions of this invention may be in 
any form, sugh as an aqueous solution, , capsule, suspension, or 

15 syrup, and also in the form of a, solution, freeze-dried 
preparation, or aerosol. In the case of freeze-dried 

preparations, the compositions of this invention may comprise,, 
as a stabilizer, sorbitol, sucrose, amino acid, various proteins, 
etc. Compositions comprising a minus-strand RNA viral vector 

20 are useful as reagents and pharmaceuticals. 

Those skilled in the art can appropriately determine the 
dose of, the compositions of this invention, which varies 
depending upon the disorder, patient body weight, age, gender, 
and symptoms, the purpose of administration, dosage form of 

25 composition, administration method, type of pharmaceutical or 
gene to be introduced, and such. When the composition comprises 
an infective minus-strand RNA virus, it is preferably 
administered with a pharmaceutically acceptable carrier, 
preferably in a dose in the range of about 10 5 ClU/ml to about 

30 .10 11 ClU/ml, more preferably about 10 7 ClU/ml to about 10 9 ClU/ml, 
and most preferably about lx 10 8 ClU/ml to about 5x 10- ClU/ml . 
In humans, a single dose is preferably in the range of 2x 10 9 CIU 
to 2x 10 10 CIU, and administration may be carried out once or a 
number of times within a clinically acceptable range of side 

35 effects.. The same can be said of the number of daily 
administrations. For non - human . animals, an amount can be 
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administered that is calculated from the above -de scribed doses, 
. based on the body weight ratio or volume ratio of target site of 
administration (e.g. average values) between a target animal and 
a human. * 
5 ' The animals to be administered the compositions of this 

Invention are not particularly limited, i and are, for example, 
birds, mammals, and other vertebrates, : such as chickens,' 'quails, 
mice, tats, dogs, pigs, cats, ; bovine, rabbits, sheep, goats, 
monkeys, .and humans. When the methods of this invention are 
.10 used in vitro (including ex vivo), 'for example, humans, noii- 
human mammals, and birds can be used. When the methods of this 
invention are used in vivo, non-human mammals and birds are used 
in particular. 

Furthermore, the present invention relates to an antibody, 

15 or fragments thereof, that bind to 1 a minus-strand* RNA virus 
, " enyelope protein with hemagglutinating activity, wherein a 
compound binding to the cell is coupled to the antibody or 
fragments thereof. Such an antibody, or fragments thereof, bind 
to the envelope protein via attachment to a minus-strand RNA 

20 virus or processed products thereof, and thus reduces 
hemagglutinating activity, while a cell -binding compound 
maintains the function of assisting in viral adhesion to the 
cell. Therefore, such an antibody or fragments thereof are 
extremely useful in producing the pharmaceutical- or geiie- 

25 carrier compositions of this invention. The antibody or 
fragments thereof may be any preferred fragments comprising 
variable regions of an L chain and/or H chain of an antibody as 
described above. More specifically they are preferably Fab, 
Fab(t), Fab 1 , F(ab ! )2/ Fv, scFv, and such. Among them, F(ab ! ) 2 

3 0 is preferably used, in particular. As the cell-binding 
compounds, ligands of cell surface receptors are particularly 
preferred, such as folic acid transferrin, erythropoietin, 
antibody, lectin, galactose, mannose, etc. 

The antibodies of this invention, or fragments thereof, can 

35 be formed into a composition together with pharmaceutical ly 
acceptable carriers. Such carriers comprise, for example, water, 
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alcohol glycerol, , salts, proteins, and gelatin, and pH 
buffering agents, stabilizers, suspending agents, and 
preservatives kiiown in the art. 

Furthermore, this invention relates, to kits which comprise: 
5 (a) an antibody .or fragments thereof binding to a minus-strand 
RNA virus 'envelope protein ■ with hemagglutinating activity, 
wherein, a compound is bound to the antibody or fragments 
thereof; arid (b) a pharmaceutical- or gene-carrier composition! 
which comprises a cell membrane comprising the envelope protein. 

10 Examples of 'a pharmaceutical- or gene-carrier compositipn 
comprising a cell membrane that, comprises the envelope proteins 
include infective virions, inactivated viruses, or liposomes 
comprising a; viral envelope. Infective . virions may be', for 
example, minus -strand RNA viruses or other viruses comprising an 

15 envelope protein with hemagglutinating t activity of the minus- 
strand RNA virup. A. pharmaceutical- or gene-carrier composition 
with reduced hemagglutinating activity can be prepared by adding 
an above- described antibody or fragments thereof, to these 
viruses, and thereby binding the antibody or fragments thereof 

20 to the envelope protein. For example, hemagglutinating activity 
can be appropriately controlled, according to the purpose, to 
enhance stability in blood or ( such for. in vivo administration. 
These compositions can be easily prepared by mixing kit 
components prior to use, thus producing a very easy to use 

25 delivery system. 

Brief Description of the Drawings 

Fig. 1 is a diagram showing PEG-modif ication of the 
envelope proteins (HN and F proteins) of SeV vector, using TPEG- 
30 and SPA-PEG modification reagents. 

Fig. 2 is a graph of the results of measuring SeV vector 
and TPEG-modif ied SeV vector hemolytic activity toward rat blood, 

at 37°C for 15 minutes. 

Fig. 3 is a bar graph showing the results of examining SeV 
35 vector and TPEG-modif ied SeV vector stability in rat blood. 
After treatment at 37°C for one, 15, and 30 minutes, the plasma 
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was separated and HeLa cells were infected. After 24 hours, the 

. expression level of LacZ gene was quantified. The 'results . are 

shown as the mean value of three determinations ± the standard 

deviation. 1 

5 ' Fig. 4 is a photograph showing the SeV vector and TPEG- 

modified SeV vector subjected to SDS electrophoresis, and then 

silver staining. Arrows indicate the: electrophoretic positions 

of HN 'protein and F protein, s Lane 0 corresponds to the SeV 

vector, while lanes 8 to 10 correspond, to sample numbers 8 to 10 

,10 in Table 2, respectively. 1 . 

Fig. 5 is a series of - photographs showing the results of 

using X-gal staining method to assess LacZ expression levels 
1 ■ i 

after introducing the SeV vector and SPA-PEG5K-modif ied SeV 

vector into LLCMK2 cells, in the presence of rabbit ant i -SeV 
15 antiserum (10-, 100-, and 1,000-fold diluted sera). 
. ' , Fig. 6 is a diagram illustrating the selective modification 
of HN protein comprised in the SeV ■ vector with a folic acid- 
bound anti-HN monoclonal antibody. 

Fig. 7 is a graphic representation of the HAU of SeV 
20 vectors modified with HN-1, Htf-l/F (ab' )' 2f or the folic acid-bound 

antibodies thereof, prepared by NHS method. The y-axis 

• • ■ . 

represents antibody concentration, and the x-axis represents the 

■I . 

logarithm of hemagglutinating activity (log 2 (HAU)). 

Fig.' 8 is a bar graph representing the hemolytic activity 

25 of SeV vector, HN-1 -modified SeV vector, and folic acid-bound 
HN-l-modif ied SeV vector toward chicken erythrocytes. The 
results shown were obtained for SeV vector at lx 10 7 , lx 10 8 , and 
lx 10 9 pfu/ml. Modified vectors are lx 10 9 pfu/ml of each SeV 
vector modified with 100 |Xg/ml of antibody. The x-axis in the 

30 figure is the absorbance at 570 nm, showing the amount of 
released hemoglobin measured. 

Fig. 9 is a bar graph representing LacZ gene expression two 
days after infecting KB cells with SeV vector, HN-l-modif ied SeV 
vector, and folic acid-bound HN-l-modif ied SeV vector. In the 

35 infection experiments, conditions of excessive folic acid were 
created by adding 1 mM folic acid into the culture medium. The 
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results 'are . shown as the mean ' value of three determinations' ± 

the standard deviation. , 

. Fig. 10 is a bar graph showing L$cZ gene expression two 

days after* infecting KB cells with SeV vectors modified with HN- 

5 1, HN-l/F^ab' ) 'i or their folic acid-'lpound derivatives. The 
•i ■ 
results are. ' shown as the mean value of three determinations ± 

■ ' i 

standard deviation. 

Fig. 11 , is a graphic representation of changes 'in HAU for 1 

SeV vectors modified with HN-1 or ! folic acid-bound HN-1, 
10 prepared by the EDC method, in the presence of various amounts 

of antibodies.; The y-axis represents antibody concentration,. 

and the x-axis represents tl}e . logarithm of erythrocyte 

agglutination activity (log 2 (HAU)). 

Fig. 12 , is a graphic representatipp. of changes in 'the PEG- 
15 modified SeV. titer. SeV was modified , with varying amounts of 

PEG , and the relative infection efficiency (%) of modified SeV 

vectors was examined. 

Fig.' 13 is a graphic representation of changes in the HA 

activity of PEG-modif ied SeV. SeV was modified with varying 
20 amounts of PEG, and the HA activity of modified SeV vectors was 

examined. ■ 

Fig. 14 is a bar graph showing the correlation between the 
infectivity and HA activity of PEG-modified SeV, indicating that 
PEG-modif ication can increase infectivity relative to HA 
25 activity. 

Fig. 15 is a series of photographs showing the results of 
analyzing constituent proteins of PEG-modified SeV using silver 
staining. Bands derived from envelope F and HN proteins 
decreased as the reacting PEG amount was increased, and 
30 alternative bands appeared in macromolecular fractions. 

Fig. 16 is a series of photographs showing the results of 
analyzing constituent proteins of PEG-modified SeV by Western 
blotting. 

Fig. 17 represents a series of bar graphs and photographs 
35 showing the resistance of PEG-modified SeV against neutralizing 
antibody. Resistance was compared under conditions where the 
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total virion number (total protein amount) of modified SeV was 
■ fixed. 

Fig. 18 illustrates an in vivo assessment of 'PEG10K- 
modified SeV, showing the administration schedule' • and 
-5 ' administration conditions of modified. SeV, and changes in the 
'anti-SeV antibody titer. \ • 1 

Fig. 19 is a series of photographs representing an in vivo, 
assessment of PEGlOK-modif ied SeV, , showing expression of the 
introduced gene in a lung, for the in vivo . administration of the 
.10 modified SeV of Fig. 18. 

Fig. 20 is a series of bar .graphs showing the holding 

effect of PEG-modified SeV infectivity under 4°C storage 

1 . i 
1 conditions . 

Fig. 21 is a bar graph showing t^he modification effect of 
15 polyethyleneimine (PEI750K) . PEI increased the infectivity of 
, . ( PEG-modified SeV. ' ( ; " 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be specifically 

2 0 described using Examples, but is not ' to be construed as being 

limited thereto. References cited herein are all incorporated 
as a part . thereof . 

[Example " 1] Preparation and purification of SeV vector 

25 comprising NLS-LacZ gene 

NLS-LacZ/SeV carrying LacZ gene with a nuclear localization 
signal (NLS-LacZ) was prepared by a previously published method 
(Kato et al., Genes Cells, 1996, 1, 569-579; Hasan et al . , J. 
Gen. Virol., 1997, 78, 2813-2820). This vector was inoculated 

3 0 to 10 -day-old embryonated hen eggs. After incubation at 35.3°C 

for three days, allantoic fluids were harvested, and centrifuged 
at 4,000 rpm for 15 minutes. The obtained supernatant was then 
centrifuged at 10,000 rpm for one hour to precipitate the vector. 
After resuspension in PBS, the vector was layered on a sucrose 
35 density gradient (30%/50%) , and centrifuged at 25,000 rpm for 
one hour (in a Beckman rotor SW28) . The vector at the sucrose 
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interface was, harvested, centrifuged, precipitated, and then 
resuspended ( in PBS to prepare a stock solution of purified 
vector (hereinafter, described as SeV vector) . The protein 
concentration of the vector was measured, by a BCA protein assay 
5 (Pierce),, using, the vector solubilized- with an , equal , volume of 
2% SDS solution as,' a sample,, and using BSA as the standard. 
Hemagglutination units (HAU) were determined as described below. 
In a 9 6 -well round bottom plate (Asahi Technoglass) , 'the vector* 
was serially diluted two-fold with PBS ( ; 50 \il per well) . 50 \il 
10 of 1% chicken Erythrocytes solution washed with PBS was added ;to 
each well, incubated, at 4°C for one ' hour', and then assessed. HAU 
was expressed as the maximum vector dilutiqn ratio that caused 
hemagglutination. Furthermore, plaque forming units (pfu)' were 

calculated using the following formula: \l HAU of SeV =' about 10 6 

i I 
15 pfu/ml. For purified vector, the formula was as follows: 1 mg 

of protein/ml =,4,096 to 5,120 HAU/ml = about 5x 10 9 pfu/ml. 

[Example 2], Preparation of TPEG-modif ied SeV vector 

The SeV vector stock solution in Example 1 was diluted to 2 

20 mg protein per ml in PBS. 0.5 ml of 0.5 M borate buffer (pH8.5) 
was added to 0.5 ml of this, solution to prepare a 1 mg 
protein/ml' solution of pH8.5,., 1 mg »of Tresyl -activated PEG 
reagent (TPEG, MW: 5,000) (Shearwater Polymers) was added to the 
above-described solution in small amounts while stirring, and 

25 reacted at room temperature for 90 minutes (Fig. 1) . After the 
reaction was completed, the reaction mixture was diluted with 
ice-cold PBS (14 ml) , and the vector was recovered by 
centrifuging at 15,000 rpm for one hour (in a Beckman rotor 
SW28.1). The vector was resuspended in PBS (0.8 ml), and the 

30 TPEG-modif ied SeV vector was obtained. Protein concentration 
and HAU of the modified vector were determined as in Example 1. 

[Example 3] In vitro gene expression using TPEG-modif ied SeV 
vector 

35 The SeV vector stock solution in Example 1 was diluted to 

lx 10 5 pfu/ml in PBS. The protein concentrations of the TPEG- 
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modified SeV vector solution in Example 2 and the unmodified . SeV 
. vector solution were normalized, thus rendering an equal number 
of virions for both vectors. The day before the experiment, 
HeLa cells (derived from human cervical carcinoma) were pl'ated 

'. .5' on a 12-well plate (Sumitomo Bakelite) at 5x 10 4 cells/well (in 1 
•ml/well of MEM medium supplemented with 10% inactivated fetal 
calf serum (FCS) ) . The medium was reduced • to 0.5 ml, 50 \il ' of . 
the above-described diluted vector solutions were added to each 
well (equivalent to 5x 10 3 pfu/well t when converted into SeV 

.10 vector, moi= 0.1), and infection was 'carried out at 37°C in the 
presence of 5% CO2. After one hour, the Vector was removed and 
the cells were washed twice with medium. Fresh medium (2 ml) 
was added to the cells, which were then further incubated at 37°C 
in the presence of 5% C0 2 for 24 hours., LacZ gene expression was 
15 measured using the Galacto-Light Plus™ (Tropix) prbtocol, and 
cellular proteins were measured using the BCA method (Pierce) . 

The results were expressed' in light units (RLU/^ig protein) . 

Table 1 shows the HAU of TPEG-SeV vector and gene 

expression level by the vector. For the same protein 

20 concentration, that is, for the same number of virions, the HAU 

of TPEG-SeV vector was 1/2, 000 or less of that of SeV vector. 

At the same time, for the same number of virions, TPEG-SeV 

vector retained approximately 50% of the gene expression level 

in HeLa cells. Thus, it has now become possible to prepard a 
25 vector, in which only HAU is remarkably reduced, without 

seriously damaging its ability to introduce a gene into cells. 



Table 1 







Protein Concentration 
(mg/ml) 


HAU/mg 


LacZ Expression Level 
(RLU/|ig cell protein) 


SeV 


Vector 


0.93 


5120 


2335604 ± 72774 


TPEG- 
SeV 


Modified 
Vector 


0.99 


2 


1046353 ±. 29841 



30 [Example 4] Hemolytic activity assay 



1 

I I 1 
1 I I I 

" . 1 

Fre'sh blopd, collected from the carotid artery of SD stra!in 
rats under , ether anesthetia using a hepar^nized syringe, was 
used in experiments. The SeV vector of Example 1 and the TPEG- 
modified SeV, vector of Example 2 were diluted in PBS to prepare 
5 a series of solutions comprising' 1 to 10-,00'jig protein per ml, 

A diluted solution of vector (<50 jxl) and rat blood (50 |il) were 
mixed and incubated for 15 minutes at 3 7°C. After cooling on ice 
at 4°C, plasma was separated by centrifugation. The* amount of 
hemoglobin released . into the plasma was measured using 

10 absorbance at 570 nm (OD570) . OD570 when PBS was used in place 
of the vector solution was used ' as thfe negative control. The. 
OD570 of distilled water was used as tl\e positive control (100% 
hymolysis) . The hemolytic activity of the . vector was calculated 
using the following formula: 

15 Hemolytic' activity (%) = [(OD570 of , the vector solution) - 
(OD570 with P^S) ] / [ (OD570 of distilled water) - (OD570 with 
PBS)] x 100. 

As s'ho.wn in Fig. 2, SeV vector showed strong concentration- 
dependent hemolytic activity.. On the other hand, the hemolytic 
20 activity of TPEG-modif ie.d SeV vector was found to be extremely 

low. 1000 (ig of TPEG-modif ied SeV vector had a hemolytic 

, ■ • , • - • • 

activity equivalent to that of , 5 \ig of SeV vector, indicating an 

approximately 200-fold improvement' of vector safety by TPEG- 
modif ication. 

25 

[Example 5] Stability test in rat blood 

The SeV vector . of Example 1 was diluted with PBS to lx 10 8 
pfu/ml. The TPEG-modif ied SeV vector of Example 2 was diluted 
with PBS so that the viral protein concentration was equal to 

30 that of the SeV vector. 250 |ll of diluted vector solution and 
250 |il of fresh SD rat blood (male) were mixed, and incubated at 
37°C. After a predermined time, an 80 jal blood sample was 
collected, and plasma was recovered by centrifuging at 4°C. 
Using 50 |ll of a solution prepared by diluting 10 |xl of plasma 

35 50-fold in PBS, LacZ gene expression in HeLa cells was examined 
by the method set forth in Example 3. 



As shown in Fig. 3, SeV vector was significantly 
destablized immediately after blood treatment, and the 15-minute 
blood treatment decreased its gene expression ability to' 1/1000 
of the untreated SeV vector. On the other hand, the stability 
of TPEG-modif ied SeV vector in blood . was improved," indicating 
remarkably high gene expression ability compared to the 
unmodified vector. . ' 1 

[Example .6] Preparation , of SPA-PEG2K-modif ied SeV vector 

The SeV vector stock solution in 1 Example 1 was diluted with 
PBS to adjust the concentration to 2 'mg protein/ml. This 
solution was diluted two-fold with 0.5 M borate buffer (pH8.5) 
to prepare a 1 mg/ml protein solution. Succinimidyl propionic 
acid derivative PEG reagent (molecular weight 2000) (SPA-PEG2K, 
Shearwater Polymers) (1, 2, or 4 mg) was added to ' the above- 
de ( scribed solution in small amounts while stirring, and this was 
reacted at room temperature for 30- minutes (Fig. 1) . After 
completing . the reaction, the reaction solution was diluted with 
14 ml of ice-cold PBS, and centrifuged at 13,000 rpm for one 
hour (in a Beckman rotor SW28.1). The vector was collected and 
then resuspended in 0.8 ml of PBS to obtain the SPA-PEG2K- 



modified SeV 


vector 


(Table 2, 


sample Nos. 


1 to 3) . Protein 


concentration 


of the modified 


vector was 


determined as for 


Example 1. 
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Table 2 










Sample Name 


Sample 
No. 


Reaction Amount HAU/mg 
of PEG (mg) Protein 


LacZ Gene Expression 
ratio (%) 


SeV Vector 
(Example 1) 






4096 


100.0 ± 7.5 


SPA-PEG2K 


1 


1 


1024 


29.1 ± 2.6 


Modified 


2 


2 


512 


4.7 ± 0.2 


(Example 6) 


3 


4 


<1 


0.5 ±0.01 


SPA-PEG5K 


. 4 


1 


2048 


115.4 ± 14.2 


Modified 


5 


2.5 


2048 


93.1 ± 4.2 



42 



(Example 7) , ' 6 
7 



5 

10 



512 
<1 



42.7 ± 4.9 
1.6 ± 0.1 



SPA-PEG2 OK 
Modified • 
(Example 8) 



8 
9 

io 



10 
20 
40 



1024 

.4' 
±1 



95.3 ± 9.7 
48.3 ± 1.5 
0.2 ± 0.02 



[Example 7]- Preparation of SPA-PEG5K-modif ied SeV vectpr , 
SPA-PE62K 'in. Example 6 was replaced with SPA-PEG5K (MW' : 
5000) (Shearwater Polymers) . The reaction and purification were 
5 similarly performed with reaction* amounts of 1, 2.5, .5/ or 10 mg 
PEG to obtain SPA-PEG5K-modif ied SeV (Table 2, sample Nos. 4 to 
7) . ' ; 

•■ • 

[Example 8]. Preparation of SPA-PEG2ok-modif ied SeV vector 

10 SPA-PEG2K in Example 6 was replaced with SPA-PEG20K (MW: 

i 1 • • . 

20,000) (Shearwater Polymers). The reaction and purification 
were similarly performed with reaction amounts of 10, 20, or 4 0 
mg PEG to obtain SPA-PEG20K-modif ied SeV (Table 2, sample Nos . 8 
to 10) . 

15 Fig. 4 shows the results of subjecting SPA-PEG20K-modif ied 

SeV vector' to SDS-electrophoresis , and ( then silver staining to 
stain each constituent protein. • As the amount of PEG in 
reaction increased, the bands derived from HN protein decreased, 
and instead, bands appeared in higher molecular weight fractions. 

20 These bands were thought to be derived from the polymerized PEG- 
bound HN protein. On the other hand, a small decrease in F 
protein band was observed. These results showed that , of the 
two proteins HN and F, the HN protein was mainly modified in the 
PEG-modif ication of the SeV envelope. 

[Example 9] HAU of SPA- PEG-modif ied SeV vector and in vitro gene 
expression by the vector 

HAUs of SeV vector in Example 1 and PEG-modif ied SeV 
vectors in Examples 6, 7, and 8 (sample Nos. 1 to 10) were 
30 measured using the method described in Example 1. Furthermore, 



LacZ gene expression in HeLa cells was measured using the method 
described in Example 3 , except that the MOI • was changed to 0.5, 
and the number of days of incubation was changed to two days. 

Table 2 shows HAU and the results of LacZ expression. 1 As 
the reaction amount of PEG increased;, the HAU of the obtained 
modified SeV vectors decreased. Although LacZ gene expression 
by PEG-modif ied SeV vectors decreased compared to that * of the 
SeV vedtor, by limiting the reaction amount of PEG as shown in 
Table 2 , , HAU could be , greatly reduced while holding down the 
decrease in gene expression ability. Thus, by selecting 
modification conditions, modified vectors' with sufficient gene 

expression ability were found to be obtainable. 

i - 

[Example 10] In vitro gene expression by SPA- PEG -modified SeV 
vector in the presence of erythrocytes 

HeLa cells were prepared as in ( Example 3. The medium was 
removed just prior to the » experiment , and 300 |il of PBS-washed 
chicken erythrocytes, adjusted to lx 10 9 cells/ml, were added 
instead. In the control group, PBS was used in place of the 
erythrocyte solution. 50 ill of each of the SeV vector of 
Example 1 or the PEG-modif ied SeV vectors of Table 2 (sample Nos . 
1, 2, 4, 5, 6, 8, and 9) were added to the wells to infect the 
cells at 37°C for a short period of 5 minutes. The amounts of 
vector added were adjusted based on Table 2, so as to make the 
expression efficiency the same. As for. to Example 3, cells were 
treated to measure LacZ gene expression levels 48 hours later. 

Table 3 shows the gene expression levels of each sample in 
the presence of erythrocytes. The results were expressed as 
relative ratios, taking the expression level in the absence of 
erythrocytes as 100. For the SeV vector, the presence of 
erythrocytes reduced the level of gene expression to about 20% 
of that of the control. On the other hand, in PEG-modif ied 
samples, a decrease in HAU was accompanied by a reduced 
interaction of the vector with erythrocytes, indicating a high 
level of gene introduction efficiency even in the presence of 
erythrocytes. . These results indicate that in a clinical setting, 



PEG-modi'f ied, $eV vectors may kllow a quick gene introduction 
mediated- by, blood. , 



Table 3 



Sample ..Name 


Sample ■ 
No. 


LacZ Gene Expression Ratio in the 
i Presence of Erythrocytes (%) 


SeV Vector 
(Example 1} 




22.5. ± 4.2 , 


SPA-PEG2K Modified 


1 


4 7 . 6 ± 2 . 0. 


(Example 6) 


2 


t , 

• V ' 49.2 ± 13.8 


SPA-PEG5K Modified 
(Example 7) ■ • 


4 
5 
6 


34,. 4 ±3.4 
• 46.7 ± 4.0 

i 

'1 ' ' 53.9 ± 4.8 


. SPA-PEG2 0K Modified 


8 


46.1 ±9.7 


(Example 8) 


9 


49.6 ±6.1 
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[Example 11] Gene introduction by SPA-PEG5K-modif ied SeV vector 
in the presence of neutralizing antibody 

(1) Preparation of SPA-PEG5K-modif ied SeV vector 
10 NLS-LacZ/SeV vector was prepared and purified as in Example 

1, and a stock solution thereof was prepared. This vector was 
reacted with 5 mg of SPA-PEG5K, using the method set forth in 
Example 7, and the SPA-PEG5K-modif ied SeV vector was prepared. 
Titers of this vector against LLCMK2 cells were determined as 
15 described below. On the day before the experiment, LLCMK2 cells 
were plated onto a 6-well plate (Sumitomo Bakelite) at lx 10 6 
cells/well (in 2ml/well of 10% FCS- supplemented MEM medium) . 
The vector was diluted to a concentration of 1 mg protein/ml in 
PBS containing 1% FCS, and a 10-fold serial dilution series was 
2 0 further prepared. After removing the medium of the above- 
described cells, 1 ml of the diluted vector solutions was added 
to each well, and infection was carried out for one hour at 37°C 



in the presence of 5% C0 2 . ' After removing the vector solution, 
the cells were washed with medium, and 2 ml/well of fresh medium 
was added. This was further incubated at'37°C in the presence of 
5% C0 2 . The medium was removed two days later. After wishing 
with PBS, cells expressing LacZ gene were X-gal stained using a 
{J-Gal staining kit (Invitrogen) . The number of infected cells 
in the visual field of a 200x magnification' was counted 'for any 
ten raridom spots in a* well. Based on* mean cell counts and area 
of the . visual field, the titer in the well as a whole was 
calculated using the following formula': 

LacZ infection titer (ClU/ml) = (number ' of infected cells) x 
854.865 x (dilution ratio) 

As a result, titers of SeV vector and SPA-PEG5K-modif ied 
SeV vector were 1.4x 10 10 ClU/ml and 2^.yx 10 9 CIU/ml, respectively. 

(2,) Gene introduction in the presence , of neutralizing antibody 

The SeV vector and SPA-PEG5K-modif ied SeV vector of Example 
ll-(l) were diluted with PBS to adjust the titer to lx 10 7 ClU/ml . 
10-, 100- , and 1000-fold diluted solutions of anti-SeV antiserum 
prepared by immunizing rabbits with SeV (treated at 56°C for one 
hour) or PBS (30 |il each) were added to 30 |ll of the vector 
solution, and incubated at room temperature for one hour. On 
the day before experiment, LLCMK2 cells were plated onto a 12- 
well plate (Sumitomo Bakelite) at 2x 10 5 cells/well (in 1 ml/w^ll 
of MEM medium supplemented with 10% , FCS) . The medium was 
reduced to 0.5 ml, and 40 pi of the above -described antiserum-, 
treated vector solution was added to each well, to infect cells 
at 3 7°C in the presence of 5% C0 2 for one hour. Then, two days 
later LacZ gene expression was assessed by X-gal staining, as 
for Example 11- (1). 

As shown in Fig. 5, the gene introduction efficiency of SeV 
vector was remarkably reduced in the presence of the antiserum. 
On the other hand, SPA-PEG5K-modif ied SeV vector could retain 
sufficient gene introduction ability, even in the presence of 
the antiserum. 
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[Example 1 12}. preparation and purification' • of anti-HN monoclonal 
antibody, HN-1 , 

. Hybridoma • ' cells that produce the. anti-HN monoclonal 
antibody, HN-1 . (Miura et al., Exp. Cell Res., 1982, 141, 409- 
5 420) , were ( successively passaged* in Hybridoma- S EM medium (Gibco- 
BRL) at 37°(j in the' presence »of 5% \ C0 2 , and 1000 ml of a cell 
suspension comprising 2x 10 cells/ml was prepared. The 1 culture 
was further continued for two weeks, and then the Supernatant < 
was obtained by centrif ugation at 3,000 rpm for 10 minutes. 

10 This supernatant was then . filtered through a 0.45 \lm filter. 
The monoclonal antibody was purified' using Protein G column 
chromatography. The culture supernatant, was, passed through .a, 5- 
ml Protein G' column (Pharmacia) , equilibrated with 20 mM sodium 
phosphate buffer (pH7.0), using, a peristaltic pump (a P-l pump: 

15 Pharmacia) at a flow rate of 4.2 ml/m^n, and the antibody was 
bound to the co ( lumn. After washing the column with 20 mM sodium 
phosphate buffer (pH7.0), the antibodies were eluted with 0.1 M 
glycine-HCl. buffer solution (pH2.7). The eluate was neutralized 
with 1 M Tris-HCl buffer solution (pH9.0), and then concentrated 

20 by ultrafiltration (Centriplus-20 , molecular weight cutoff 
30,000: Ami con ) . After exchanging the buffer with PBS using a 
PD-10 desalting column (Pharmacia) , which was equilibrated with 
PBS, the solution was once more c'ondensed by ultrafiltration, 
and 160 |xl of HN-1 PBS solution was obtained. The protein 

25 concentration, as determined by BCA protein assay (Pierce) using 
bovine y-globulin as a standard, was 37.6 mg/ml . 

[Example 13] F(ab') 2 fragmentation of the anti-HN . monoclonal 
antibody, HN-1 

3 0 The purified monoclonal antibody HN-1 of Example 12 was 

diluted with 0.2 M acetate buffer (pH4.5) to adjust the 
concentration to 2 mg protein/ml. 2.35 ml of Pepsin solution 
(Sigma) adjusted to 0 . 1 mg/ml in 0.2 M acetate buffer (pH4.5) 
was added to 2.35 ml of the protein solution, and then reacted 

35 at 37°C for 21 hours. After neutralizing the reaction mixture 
with 700 (Il of 1 N sodium hydroxide solution, PBS was added to 
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the solution to adjust the total volume to 25 ml . This solution 
was loaded onto a 1-ml Protein A column (Pharmacia) , 
equilibrated with PBS, and unreacted antibody was absotbed to 
the column. Fractions that passed through the column' Were 
recovered and condensed by ultrafiltration as in Example 12. 

The condensed solution was further ' purified by . the gel 

i ...... t t ■ 

filtration method using a Sephadex 75 • column (Pharmacia) 
equilibrated with PBS'. The purified solution was condensed by 
ultrafiltration to recover a PBS solution (300 of the F(ab')2 

fragment of HN-1 (hereinafter abbreviated as HN-1/F(ab f ) 2 ) . • 
Protein concentration was measured ,as for Example 12, and the 
obtained HN-1/F(ab') 2 was determined to-be 4.08 mg/ml. 

[Example 14] Preparation of folic acic^-bound monoclonal antibody 
by NHS method 

(X) Synthesis of NHS-activated folic ^cid 

Synthesis was performed by the method of Robert et al . 
(Journal of Biological Chemistry: Feb. 4, 269 (5) , 3.198-3204, 
1994) . Specifically, folic acid (Sigma) was dissolved in 
dimethyl sulfoxide (DMSO) to prepare ci 50 mg/ml solution. 250 
jxl .of triethylamine (Pierce) , 47 0 mg of dicyclohexylcarbodiimide 
(Tokyo Kasei Kogyo Co., Ltd.), and 260 mg of N- 
hydroxysuccinimide) (NHS) (Sigma) were added in sequence to this 
solution. The resulting mixture was stirred overnight at rdom 
temperature in the dark. The precipitated side products were 
removed by filtration, and the filtrate was added in drops to 
250ml of diethylether while stirring. The yellow precipitate 
was repeatedly washed with ether, and then dried under reduced 
pressure to obtain NHS-activated folic acid. 

(2) Preparation of folic acid-bound HN-1 

100 (Xl of a PBS solution containing 2.0 mg/ml of the HN-1 
solution purified by the method of Example 12, and 100 (11 of 0.5 
M borate buffer (pH8.0), were mixed and used as a reaction 
solution. 2.5 of the DMSO solution of Example 14- (1) 

containing NHS-activated folic acid (5 mg or 10 mg/ml) was added 
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drop-wise tb. the reaction solution. This was then reacted at 
room temperature in the dark for one hour. ( The unreacted folic 
acid, was removed using a PD-10 column .equilibrated with PBS. 
The protein fraction was recovered, condensed by ultrafiltration 
5 to obtain, .th£ folic acid-bound Hl^-1, and then protein 

concentration was measured according to Example 12. 

i 

(3) Preparation of folic acid-bound HN-l/F (ab 1 )' 2 ' 1 

HN-1 was • replaced with an HN-1/F(ab ! )2 solution, and the 
10 concentration 'of NHS-activated folic acid was changed to 10 
mg/ml, and then the. reaction and purification were carried out. 
as for Example 14- (2) , to obtain fplic acid-bound HN-l/F (ab 1 ) 2 , 

[Example 15], HA activity of f<plic, acid-bound monoclonal 

15 antibody-modified SeV vector 

The NLS-LacZ/SeV of Example 1 was diluted with PBS to lx 10 8 
pfu/ml, and was dispensed into a 9 6 -we 11 round bottom plate at 
50 |Xl per well. The HN-1 purified by the method of Example 12; 
the HN-l/F(ab ! ) 2 of Example 13; and the folic acid-bound HN-1 and 

20 folic acid-bound , HN-l/F (ab ') 2 of Example 14 were diluted with PBS 
to adjust their concentrations to 1 - 100 \xg protein/ml. 50 |il 
of the (diluted antibody solutions were* respectively mixed' with 
the vectors, and left standing at room temperature for 30 
minutes to prepare modified vectors (Fig. 6). HAU was then 

25 measured by the method of Example 1. 

Fig. 7 shows the results of the HAU measurements. In all 
of the modified SeV vectors, HAU decreased with the increase in 
the amount of added antibodies, becoming undetectable when the 
antibody concentration was 10 |ag protein/ml or higher. From 

30 these results, it became possible to prepare a folic acid-bound 
antibody-modified SeV vector with a significantly reduced 
interaction with erythrocytes. 

[Example 16] Hemolytic activity of folic acid-bound monoclonal 
35 antibody -modified SeV vector 
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( The NLS-LacZ/SeV of Example 1 was diluted with PBS to lx 10 9 
* pfu/ml, and dispensed into a 96 -well round bottom plate at 50 |ll 
, per well. The HN-1 purified by the method of Example 12 , and 

the folic acid-bound HN-1 by Example 14, were diluted with* PBS 
' "5 to a concentration of 100 ^g protein/ml. Diluted solutions of 
antibodies or PBS (50 » |Xl each) were mix'ed with the vector, and 
left at standing at room temperature -for 30 minutes to prepare . 
. • . modified vectors. Hemolytic activity was examined as before, 
with the exceptions that the tat blood .in the method of Example 
10 4 was replaced with lx 10 9 cells/ml 'of chicken blood, and the 
incubation time was changed to 30 minutes. 

Fig. 8 shows the results of measuring hemolytic activity. 
The hemolytic activities of SeV vectors modified with HN-1 and 
folic acid-bound HN-1 were extremely low, and when compared to 
15 SeV vector, hemolytic activity was even lower than the hemolytic 
. \ activity of SeV vector at'l/lOOth of its concentration. • 

[Example 17] An in vitro gene introduction experiment for folic 
acid-bound monoclonal antibody-modified SeV vector 

20 A modified vector was prepared by' changing the titer of the 

SeV- vector of Example 15 to lx 10 7 pfu/ml, and the antibody 
concentration to 10 |ig/ml . On the day, before the experiment , KB 
cells (derived from human rhinopharyngeal carcinoma) were plated 
onto a 12-well plate at . 2x 10 s cells/well (in folic acid-free 

25 RPMI1640 medium supplemented with 10% FCS: Gibco-BRL, 1 ml/well) . 
One hour before the experiment., the medium was replaced with 0 . 5 
ml of folic acid- free RPMI164 0 medium or the same medium 
supplemented with 1 mM folic acid. 20 \il of the above-described 
vector were added to each well, and cells were infected at 37°C 

30 in the presence of 5% C0 2 . Three hours later, the vector was 
removed, cells were washed twice with the medium, and 2 ml of 
fresh medium was added to each well. Wells were then incubated 
for 48 hours at 37°C in the presence of 5% C0 2 . . LacZ gene 
expression was measured as in Example 3. 

35 Fig. 9 shows the results of LacZ gene expression in KB 

cells. Gene expression by the HN-l-modif ied SeV vector was 
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1/100 or les.s ( than that by the unmodified SeV vector, indicating 
a decrease , in gene introduction with the lo,ss of HAU. On the 
other hand, a* significant .increase in .gene expression was 
observed for the folic acid-bound HN-1 compared to the HN-1 
5 without foJLic acid, showing 'about 15% ' pf the gene introduction 
of the unmodified SeV vector. ■ Gene introduction using the folic 
acid-bound HN-1 was observed to be inhibited when excessive 
folic acid was present in the medium. This suggest^ that gene' 
introduction by. the folic acid-bound HN-1 occurs via the binding 

10 of folic acid,' which is bound to HN-1 as a ligand, to 1 the foLic 
acid receptor ;6f KB cells, followed by fusion mediated by F 
protein. ■ k . i , 

In Pig. 10 a comparison of when the. antibody molecule was 
HN-l/F (ab 1 ) 2 » yfSLS carried out. A high Iqvel of gene introduction 

15 was observed, in HN-1/F(ab ! )2 as well as , in HN-1, only when folic 
acid bound to the antibody. 

[Example 18]; Preparation of folic acid-bound HN-1 by EDC method 
and assessment of the modified antibody 

20 (1) Preparation of folic acid-bound HN-1 by EDC method 

Preparation was by the method reported by Leamon et al . 
(Journal^ of Biological Chemistry, 1992/ 267 (35), 24966-24971). 
That is, 21.7 mg/ml of l-ethyl-3- (dime thy laminopropyl j 
carbodiimide (EDC: Sigma) in dimethyl sulfoxide (DMSO) (1 ml) 

25 was added to 10 mg/ml folic acid (Sigma) in DMSO (1 ml). The 
mixture was then left to stand at room temperature in the dark 
for 3 0 minutes. This folic acid-EDC solution (16.6 |ll) was 
added drop-wise while stirring to the HN-1 solution (300 |J,1) of 
Example 12, adjusted to a concentration of 1 mg protein/ml with 

30 PBS. The resulting mixture was reacted at room temperature in 
the dark for one hour, and then folic acid-bound HN-1 was 
obtained as in Example 14- (2). 



(2) HA activity of folic acid-bound HN-1 -modified SeV vector 
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By replacing the folic' acid-bound HN-1 of Example 15 with 

• the folic acid-bound HN-1 of Example 18-. (Uv a modified vector 
was prepared and HAU was measured. 

As shown in Fig. 11, the folic acid-bound HN-1 prepared by 
5 ' the EDC method was also effective in eliminating the HAU by 
Modifying SeV vector. , . 1 

(3) Gerie expression by folic acid-bound HN-l-modif ied SeV vector 
Modified vectors were prepared using a solution of SeV 

10 vector (Ix 10 7 pfu/ml) in Example 1, and HN-1 in Example 12 arid 
folic acid-bound HN-1 in Example 18-. (1) (both 100 ng/ml) . A549 
cells (human lung carcinoma) were used in addition to the KB 
cells of Example. 16, and the infection experiment was similarly 
carried out. ■, 

15 Table 4 compares the gene expression in KB cellfe, in which 

, . the folic acid receptor is expressed, at a high level, and that 
in A549 cells practically devoid of this receptor (Wang et al . , 
Bioconjugate Chemistry. 1997, 8, 673-679). The folic acid-bound 
HN-l-modif ied SeV vector showed a high- level gene introduction 

20 in KB cells, but only in the absence' of excessive folic acid. 

This indicated that the folic acid ligand that displaces the HN 

• ■ - ■ 
protein hemagglutinating activity mediates the introduction of 

specific genes by binding to folic acid receptors. 

♦ 

25 Table 4 

Relative ratio of LacZ Gene Expression (where the SeV vector 



with excessive folic acid (-) is taken as 100%) 





Excessive Folic 
Acid 


KB 


Cell 


A54 9 Cell 


SeV Vector 




100.0 


± 10.9 


100.0 ± 6.6 


+ 


107.7 


± 12.3 


142.1 ± 13.3 


HN-l-Modified SeV 
Vector 




0.5 


± 0.1 


0.8 ± 0.1 


Folic Acid-Bound HN-1 




14 .8 


± 1.3 


3.2 ± 0.7 


-Modified SeV Vector 


+ 


2.4 


± 0.1 


2.4 ± 0.6 
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[Example- 19] Preparation and purification of GFP-carrying SeV 
vector '. • . . 

SeV/G^fi carrying GFP. gene was prepared by a known method 
5 (Kato et al:',. Genes Ceils, 1996, 1, 569-579; Hasan et al . , J. 
Gen. Virol.; 1997, 78, 2813-2020). This vector was inoculated 
to 10-day-old ; embryonated hen eggs . After incubating at 35.3°C 
for three days, allantoic fluids were harvested and centrifuged 
at 4°C for 30 .minutes at 3,000 rpm. The resulting supernatant 
10 was centrifuged at 4°C and 3 5,000 x g for one hour to precipitate 
the vector. The vector was ' fesuspended in PBS and re-. 

centrifuged at 4°C and 3,000 rpm ( for 3,0 minutes, and then the 
supernatant was centrifuged at 4°C and 35,0.00 x g for one hour to 
precipitate the vector. The vector was resuspended in PBS to 

15 prepare a stock solution of purified vector (hereinafter 
referred to as ( SeV vector). The protein concentration of the 
vector was measured with a BCA Protein assay (Pierce) , using the 
vector sblubilized with an equal volume of 3% Triton X-100 
solution as a sample, and BSA as the standard. The 

20 concentration of the purified vector was about 1 mg protein/ml. 

[Example 20] Preparation of SPA-PEG2K-modif ied SeV vector 

Borate buffer (pH8.5) (0.5 ml) was added to the stock 
solution of SeV vector in Example 19 (0.5 ml) to prepare a 

25 solution of 0.5 mg protein/ml (pH8.5). 0, 2, 4, 6, 8, and 10 mg 
of succinimidyl derivative of PEG propionic acid reagent (MW: 
2000) (SPA-PEG2K, Shearwater Polymers) was added in small 
amounts to the above-described solution while stirring. This 
solution was then reacted at room temperature for one hour. 

3 0 After the reaction was completed, the reaction solution was 
centrifuged at 4°C and 15,000 rpm for one hour. The resulting 
precipitate was suspended in ice-cold PBS, and re-centrifuged at 
4°C and 15,000 rpm for one hour to recover the vector, which was 
then re -suspended in PBS (0.5 ml) to obtain the SPA-PEG2K- 

35 modified SeV vector. The protein concentration of this modified 
vector was determined as in Example 19. 



, . I 1 '• • ••, 

. • 53 

: 

, i 
' ' 1 * 

[Example 21] Preparation of SPA-PEG5K-modif ied SeV vector 

SPA-PEG5K-modif ied SeV was prepared and purified* as in 
Example 20, after replacing the SPA-PEG2K in Example 20* *with 
' '5* SPA-PEG5K of MW: 5000 (Shearwater Polymers), and using PEG i 
reaction amounts of 0 (# 5, 10, 15, 20, knd 25 mg. The protein ■ 
concentration of this modified vectbr was determined as in. 
1 ' Example 19 . 

1 * • "' 

10 [Example 22] Preparation of PEG2NHS-10K-modif ied SeV vector 

SPA-PEG5K-modif ied SeV was prepared and purified as in 
Example 20, after replacing the SPA-PEG2K in Example 20 with 
. PEIG2NHS-10K of MW: 10000 (two -branched ; Shearwater Polymers) , 
and using PEG reaction amounts of 0, ' ,5, 10, 15, 20, and 25 mg. 
15 Protein concentration of the modified vector was determined as 
, 1 in Example 19 . 1 , ; 

[Example 23] Hemagglutinating activity (HAU) and in vitro 

inf ectivity (CIU) of PEG-modif ied SeV vector 

20 The hemagglutinating activity 1 (HAU) and in vitro 

intectivity (CIU) of the PEG-modif ied SeV vectors set forth in 
• • • . 

Examples 20, 21, and 22 were examined. As shown in Figs. 12, 13, 

and 14, the HAU and CIU of the above-described three types of 

PEG-modif ied SeV vectors were measured, indicating a tendency 

25 for reduced HAU and CIU with an increasing amount of PEG in 
reaction. The larger the molecular weight of PEG derivatives, 
the smaller the degree of reduction in HAU and CIU caused by 
increasing their reaction amounts. Furthermore, when the 
correlation beteen HAU and CIU was examined, the CIU per HAU for 

3 0 SeV modified with an appropriate amount of SPA-PEG5K was about 
7-8 times that of the unmodified vector. . These results are 
thought to show the possibility of maintaining infectivity by 
PEG modification, while reducing hamaggultination and improving 
the stability of SeV vector in blood. 

35 HAU was determined as follows: Vector was serially diluted 

2-fold with PBS (50 |ll) using a 96-well round bottom plate 
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(Asahi ^echnoglass) .. 50 (il ' of a 1% • solution of chicken 
erythrocytes, washed with PBS, was added to jeach well, and then 

left to stand a't: 4°C for one hour, whereupon hemagglutination was 
measured. , HAU was expressed as the maximum dilution ratio to 
5 cause hemagglutination. 1 ' ' \ 

CIU. was 'determined as follows: Vector was serially diluted 

i 

10-fold with PBS / 1% BSA, and was then used to infect confluent 

LLC-MK2 celis. in a 24-well plate at 10 pi /we 11'. Two days later, 1 
the number of . GFP-expressing. cells pet well was counted to 
10 calculate CIU. * i 

[Example 24] Confirmation of PEG modification 

The PEG-modified SeV vectors described in Examples 20, 21, 

and 22 (0.5» (Lig/lane) were subjected t,o, SDS-PAGE analysis. As 
15 Fig. 15 shows,' when the constituent proteins of viral vectors 
were analyzed by gel silver staining, the bands derived from 
envelope proteins F and HN decreased with increasing reaction 
amounts of PEG, and instead, bands appeared in higher molecular 
weight fractions. A smaller decrease in the amount of F protein 
20 compared to HN protein is likely to indicate that more HN 
proteins have, been modified than F proteins. Furthermore, as 
Fig. 16 shows, when the F and.HN proteins, the envelope proteins 
of the PEG-modified SeV vectors,' were analyzed by Western 
blotting using rabbit anti-Fl polyclonal antibody and mouse 
25 anti-HN monoclonal antibody, the obtained results were similar 
to those obtained by silver staining analysis. 

[Example 25] In vitro gene introduction by PEG2 -NHSlOK-modif ied 
SeV vector in the presence of neutralizing antibody 

30 In line with Example 22, PEG2 -NHSlOK-modif ied SeV was 

obtained by reaction and purification, using reaction amounts of 
0, 15, 20, and 2 5 mg of PEG. Protein concentration of the 
modified vector was determined as in Example 19. The vector 
solution was diluted with PBS / 1% BSA to a concentration of 

35 0.01 jig/fil. The anti-SeV antiserum, prepared by immunizing 
rabbits (at 56°C for one hour) with SeV, was diluted 10-, 100- , 
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and 1000-fold, and this or 35 |il of PBS / 1% BSA was added to 35 
|ll of the vector solution, and then reacted 1 at room 'temperature 
for one hour. 20 (il of the above-described vector solution, 
which was treated with the antiserum, was added to each well of 

• 5 ' a 24 -well plate of confluent LLC-MK2 .cells, and infection was 
carried out. GFP expression on the» third day after the 
infection was assessed by taking . photographs using a 
fluorescence microscope, and a. fluorescence plate reader was 
used to .quantitatively assess GFP fluorescence intensity at 

.10 fluorescence wavelength 530 nm and excitation wavelength 485 nm* 
As shown in Fig. 17, the unmqdified SeV vector showed a 
tendency for reduced infection efficiency with increasing 
antibody concentration, however, this decrease was suppressed by 
modifying the vector with PEG2-NHS10K.' . The infection efficiency 

15 was higher than that of the unmodified vector at 'all tested 
. antibody concentrations, 1 showing a maximum improvement in 
infection efficiency of about 70%. 

[Example 26] In vivo gene introduction* by PEG2 -NHSlOK-modif ied 
20 SeV vector 

i 

Mice were repeatedly administered with the unmodified SeV 
control vector prepared with Omg of PEG, and the PEG-modified 
SeV vector prepared with a reaction amount of 20 mg of PEG, both 
prepared in Example 25. As shown in Figs. 18 and 19, mice w^re 

25 divided into five groups; for the /first administration, a 
lucif erase -carrying SeV was intranasally administered to. mice to 
produce the ' ant i- SeV antibody; and two weeks later, the second 
administration was performed using GFP-carrying unmodified SeV 
as a control in group B and PEG-modified SeV in group C, 

30 respectively. Group A served as the untreated control, and 
groups D and E as the single administration controls. Blood 
samples were collected from mice prior to the first 
administration, one week after the first administration, and two 
weeks after the first administration to measure anti-SeV 

35 antibody titers using a commercially available EL ISA kit 
(Prezyme "Seiken" , Denka Seiken Co., Ltd.). In mice of groups B 
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and C which 'ha,d received the f iirst. administration, the elevation 
of the ant i -SeV antibody titer was observec}. On the day two 
weeks after the 'first administration wher} the antibody titer was 
sufficiently* elevated, the second administration was performed. 
5 Two days-, latfery. mice were dissected,, and GFP expression in lung 
was observed* us.ing a fluorescence microscope to take photographs. 

As shown 1 in the fluorescence photographs of Fig. 19, SeV 
infection was observed over a wide range, and * no great 1 
differences between the unmodified and PEG-modified vectors were 

10 observed. Iri the second , administration, the unmodified SeV 
showed almost no GFP. expression from the full image, and even in 
the enlarged .image, expression was only sparsely observed t in 
portions of the lung surface. On the . other hand,, the PEG- 
modified SeV,, although had a lower; GFP, expression thah in the 

15 first administration, showed more GFP -expressing cells over a 
wider range compared to the unmodified SeV. As shown in the 
specifically enlarged image, colonies of GFP-expressing cells 
were observed. 

20 [Example. 27] Effects of maintaining infect ivity of PEG-modified 

SeV at 4°C storage condition • 

PEG2NHS-20K-modified SeV, and PEG2NHS-4 0K-modif ied SeV were 
prepared and purified in the similar fashion by respectively 
replacing SPA-PEG2K in Example 20 with PEG2NHS-20K of MW: 20000 

25 (two-branched; Shearwater Polymers) , using reaction amounts of 
.10, 20, and 40 mg of PEG; and replacing with PEG2NHS-40K of MW: 
4 0000 (two-branched; Shearwater Polymers) , using reaction 
amounts of 20, 40, and 80 mg of PEG. Protein concentrations of 
modified vectors were obtained as in Example 19. 

30 CIUs of the above -described PEG-modified SeVs and the 

untreated SeV stored at 4°C for 8 and 20 days were measured using 
the method in Example 5. As shown in Fig. 20, in the untreated 
SeV control, the titer decreased to 1/3 after two weeks of 

storage at 4°C, while SeVs modified with appropriate amounts of 
35 macromolecular two-branched PEGs retained a maximum infection 
efficiency of nearly 80%. . 
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[Example 28] Improvement of infection efficiency of PEG-modif ied 
SeV by PEI modification 

SPA-PEG5K-modif ied SeV vector prepared with readtion 

• -5 ' amounts of 0, 5, 10, and 15 mg of PEG in Example 21 was modified 
using polyethyleneimijie of MW: 750000' (PEI; SIGMA) , at the 
PEI:SeV weight ratio of 0, 0.01, 0.025, 0:05, 0.1, and 0.2 to. 
measure the infection efficiency .toward LLC-MK2 cells (see 
Example 23 for the measurement method),. As shown in Fig. 21, 

.10 adding a certain amount of PEI had ttie effect of increasing the 
infection efficiency of PEG-modif ied SeV about . 10-fold. The 
greater the PEG modification, the better the improvement effect 
PEI has on infection efficiency. Similar results were also 
obtained using PEI of MW 25000 (Sigma)', 

15 

, . Industrial Applicability ' ■ ,; 

An important technical field in pharmacotherapy or gene 
therapy relates to systems for delivering biologically active 
substances, such as pharmaceuticals (macromolecular compounds, 

20 in particular) and nucleic acids', to target cells or 
intracellular organelle, namely, drug delivery systems 
(hereinafter, simply referred to as DDS) . . DDS can be 
implemented by using a viral vector, or by administering a 
composition in which a preferred biologically active substance 

25 is enclosed in or carried by an artificial or semi-artificial 
carrier. The present invention enables the reduction of 
hemagglutinating activity in both types of DDS, improving 
stability in blood and gene introduction efficiency. For 
example, in DDS that use a viral vector, a viral vector with 

30 specifically reduced hamagglutinating activity can be produced 
by applying this invention to a minus - strand RNA viral vector or 
a pseudotyped viral vector derived from a gene of said virus 
encoding the envelope protein with hemagglutinating activity, or 
such. Furthermore, this invention enables the reduction of 

35 hemagglutinating activity also in the case of an artificial 
preparation of liposome and such. Compositions for DDS produced 
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using t'his \ invention are e^tremeiy effective in in vivo 
application, , 
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' ' CLAIMS 

I 

l ' 

1. A pharmaceutical- or gene-carrier composition* which 
comprises a cell membrane comprising a minus -strand RNA 'virus 

• 5 ' envelope protein with hemagglutinating .activity, wherein: 
'(a) a compound is attaphed to the proteiri; 

(b) the hemagglutinating activity is reduced compared to" a, 
composition to which. the compound is ,not attached; and 

(c) the . composition comprises the ability to introduce a 
.10 pharmaceutical or gene into a target cell. 

2. The composition of claim 1, further wherein 

(d) hemolytic activity toward erythrocytes is reduced compared 
to a composition to which the compound is not attached. 

15 . " ' . 

, . 3., The composition of claim 1 pr 2, which comprises an 
infective virion of the minus-strand RNA virus. 

4. The composition of claim 1 or 1 2, which comprises an 
20 inactivated minus-strand RNA virus , or an envelope portion of 

the, virus. 

• ■ 

i 

5. The composition of any one of claims 1 to 4 , wherein the 
minus-strand RNA virus is a Paramyxoviridae family virus. 

25 

6. The composition of claim 5, wherein the Paramyxoviridae 
family virus is the Sendai virus. 

7. The composition of any one of claims 1 to 6, wherein the 
30 compound attached to the protein has a molecular weight of 1,800 

or more . 

8. The composition of claim 7, wherein the compound attached to 
the protein has a molecular weight of 4,500 or more. 

35 



I 

■ ■ • I » ' . ' 

9. The 'composition of claim 8/ wherein the compound attached 'to 
the protein, has a molecular weight of 16,000 ,or more. 

10. The composition of any one of claims 1 to 9, wherein the 

5 compound, attached to the protein' is' polyethylene, glycol . 

» ■ 

i 

11. The composition of any one of claims 1 to 10, wherein the 
protein further forms a complex with polyethyleneimine*. 1 

10 12. The composition of any one of claims 1 to 11, ( wherein the 
protein forms a complex with a cell -binding compound. 

13. The composition of claim 12, wherein the. cell-binding 
compound is,fc>ound to the compound attached to the protein. 

15 ' . ' '/ ,'. 

14. The composition of claim 12 or, 13, wherein the compound 

attached to the protein is an antibody that binds to the protein 

♦ 

or fragment thereof. 

20 15. The composition of any one of claims 12 to 14, whereifr the 

cell-binding compound is a ligand for a receptor on the cell 

. ' » ■ - ■ • ■ ■ ■ 

surface . ■■ . • 

16. The composition of claim 15, wherein the ligand is folic 
25 acid. 

17. An antibody bound to a cell-binding compound, wherein the 
antibody binds to a minus-strand RNA virus envelope protein 
comprising hemagglutinating activity, or a fragment thereof. 

30 

18. The antibody or fragment thereof of claim 17, which is 
F(ab') 2 . 

19. The antibody or fragment thereof of claim 17 or 18, wherein 
35 the cell -binding compound is a ligand for a receptor on a cell 

surface. 



20. The antibody or fragment thereof of claim 19, wherein the 
ligand is folic acid. 

21. A pharmaceutical- or gene-carrier .kit which comprises: 

(a) an antibody or fragment thereof' which binds to a minus- 
strand RNA virus envelope protein comprising hemagglutinating 
activity, and to which a cell-binding compound is bound; and 

(b) a pharmaceutical- or gene-carrier composition comprising the 
envelope protein. 1 
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:' -." , ABSTRACT 

. The preserit invention provides pharmaceutical- or gene- 
carrier compositions with reduced hemagglutinating activity. By 
5 attaching a' compound .to a' minus-strand RNA virus envelope 
protein having , hemagglutinating activity, . a pharmaceutical- or 
gene-carrier composition with: lower hemagglutinating activity 
than a composition to which the compound has not bedn attached' 
can be successfully constructed. For example, an embodiment of 

10 the present invention provides a viral . vector whose erythrocyte 
agglutination activity and hemolytic activity are significantly 
lowered, and whose stability in ( blood ,is remarkably elevated. 
The pharmaceutical- or gene-carrier compositions provided in 
this invention can be preferably ..used for transferring 

15 pharmaceuticals or genes in vivo. / 
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■fc^^ P-O^* (SeV) O^^D— ^e^^^/V^riV (HN) t7a 

'<-*?au (f) wmufrbwkztiZo seYiimm&MMmmm(D-yT^m\cm 
m-tz>zt&-*smxhz> 0 -ate, ^T^mttkAsznmmmmfc^^ztcib 

B @* ^itfc^f^bfc^XSeV^ <b LTOP^B 
(Shiotani et al., Gene Therapy, 2001, 8, 1043-1050) x ^(D^ls^U^—-? 

*rJ*b LX<Dffl3Zi > &#) htlT\<\Z> (Ramani et al. , FEBS Letters, 1997, 404, 
164-168; Isaka et al. , Experimental Nephrology, 1998, 6, 144-147) 0 
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^©tSi^m^jM^©^^^ Tomas 
hibf*FEBS Letters, 1982, 143, (2),252 1 256{C^V>-C> SeV^DTTT^Tn LT, 

©tt^sttrtsru^^TL-c^D, ^©jwfe©»attK:»±iira#ji5 a Git 

manfett* Biochemistry, 1985, 24, 2762-2768^*31^ SeVO^^n'-^© 

HUfe&ffti'£ Ufe^tV^o^^tt^nTV^So 0>J£ b-C, BagaikftJour 
nal of Virology, 1993, 67, (6), 3312-3318le:*5V^ HNStJItg LfcSeV&IH^ 

stoyT?Rr^bS:fTofcmx 6 ©#•*>> b ft £ ire, F®a© 

^#^^^t^e^L7t|l^^^7 i At^ll , iU•CV^6 0 Ramanik 
fc, FEBS Letters, 1997, 404, 164-168^T, miW*SX7*"<M h*K& 
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m&t mwm& abc«it* £ ^siMS^^p-^ • 

ge^^l-^^la^ttl-f (Ponimaskinbv Virology, 2000, 269; 391-403 

I . • ■ ■ 

ffi1"#fefllfcVC % DDS (Drug Delivery System) }3:M&&flrT?&5o 
«WfeB«i3t*WUfc»*, ^xfl/^yawv (PEG) 

MP*** (sev) ox^o-^etwsr^yi^i/tsHtftaTC- 

**^^§*T#fett5PEG«^(|iSeV^^*- (Hi) tt* PEGtf>£jS*}aS CT 
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/*j**4D>iifi^ peg 

HN®&^^^PEG^$Hs ( F^fi->©^j: 0 fetfttfcjB^a-jl i: 
H2) SeV^^^-{i«^^Mi-?>^ ; e^Jt^^A^l : U<teTU 

fcifcfrfe 08 5*5*1*17) ,«*ftk#^R^»Sfc*fl^i##"*H. 
&fl:rtfc^V^i*V^^J»A|B*»or. tdS5fe»$ttfc (019). 
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&&&T$'&Z>Z-bfob (Miuraetal., Exp. Cell Res. , 1982, 141/ 409-420 

vmw** (las) mMMmm^^m^i^^^^^^ 
t>b-r (07; i o, *3j;m i) , y ^fy 5 s^ttm tta 



WO 03/092738 1 rCT/JFip/taaZ'/ 

' ' 6, .' ' 
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(i) 

fc^stwwirttf, "iWifcfa^pFaWMttt^fco-tx (a) KIM 

(2) (d) g^W i 

(l) . : *.fctt (2) iciB^om^^x . 
(4) |«iMfi^ K^^^iTOW^©^^^^**^?^^ 
©3iy-<p-.y©<Bi^^ti:x (1) (?) »-SB«tO*Bj*46|. 

) ^ (4) ov^n^^is^^i^;^ 

(6) ^7$^ y ^/w^^/v*^ ir^^f jM^-Cfc** (5) 

(7) ^e«l-#^tirV^fb^W s ^*l,800^JiT'fe5. (1) ( 

(s) ttaeifcf^^nrv^^^^^i^Booeui-xffc^ (7) Kmm 

(9) ^®e«^#^P^tlTV^5^W^*16,O00m±-C*fe6, (8) MB 

(10) «ie«KW**it^5ft^l##P^l'>^5 a^-CfcSv ( 
l) O) .©vvf*uNiBfc©*WMk ' 

(11) iiefi)^ $fem^y^vw$v^*l!:«[^#^fifc^^s, 
(i) (l o) <D^i*ftfrfoUWl<nBJ$M>* 

(i 2) mm&mK nmzM^ir^^mtmm^m^^x^, d 
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(i 3) tmm\z.m&'rz<b&®&. mm^n^m^tix^it^tm^ • 

XV^ (12) £fBf^i£&J&tl> 

(14) mm&mzmzfrx^zfc-smK m.um-a^^^mt^^ 

(DffiKXhZ, (12) $:1t\* (13) js:|B«p^^ v 

(15) «t^t§M^ !J KtfcS, (1 
2) a>b (14) (DV^-ftbM-IBto^^ ( 

(16) i'J^K«ti!b5> <15).fclB*M>»ifc** - 

a 7) ^^*giRNA*^*^^^^ 

' (1 8) ^^7c(«0^f^F(ab')2T'fc6; (17) ^|Bi|feOft#£fc*«<0 

d9) mm\^^^^^^^^^ v ^ >nh ^- (17) 

*'fett (18) dfB^O^L^fd^^iT-,' 
(2 0) ttP ^ Ktf^rt'fc^K (1 9) fclS^O^L^fcii-^^ifiT-s 
(2 1) (a) ^4^^m^4 /^O^^/^^^^to^y^^ 

^^ygtt^TfC^!), (c) *^*fcflS^**«>*r6»- 
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eplication competent) *>f **:Cfco"Ct>J:< v -fc5V^tti«*tr***Vv (r 

eplication deficient) *>ff*T?fcW4 *V\> *f>* fc.tt 

y arna©^*3 to&Wfc * * * 5 r. £ fc J: 

m^^W^-^^RNA^^/v^©^^^© 

^feSr^LTff (B*&H#* W097/16539; BK&M* W09 

7/16538; BR^n## W000/70055; BRE&H** W000/70070; Durbin, A. P. 
etal., 1997, Virology 235: 323-332; Whelan, S. P. etal., 1995, Proc. Na 
tl. Acad. Sci. USA 92: 8388-8392; Schnell. M. J. et al. , 1994, EMBO J. 13 
: 4195-4203; Radecke, F, et al., 1995, EMBO J. 14: 5773-5784; Lawson, N. 
D. et al., Proc. Natl. Acad. Sci. USA 92 : 4477-4481; Garcin, D. et al., 1 
995, EMBO J. 14: 6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579 
; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A 
. and Elliott, R. M. , 1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404; H 
asan, If. K. et al., J. Gen. Virol. 78: 2813-2820, 1997; Kato, A. et al., 



WO 03/092738 PCT/JP03/05527 

9 

1997, EMBO J. 16: 578-587; Yu, D. et al.„ 1997, Genes Cells 2: 457-466) 
5t^^A1-^>- t(c^o-C#^tt5o ^jt^'^tT^ 

f&^(D^Sfc^^-r"5ia^i^A-rS-i:^*bV> (Journal of Virology, Vo 
1. 67, No. 8, 1993, p. 4822-4830) „ 5 * y iM^^^vt^ ^ 

it^w, ^^/^©^sefto^-^v*- 1 ^^^ 7 ^^ (0RF) 
mm. m^Bs • iMK**fcttto 
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0%^_hu $ b Rife* U < W30%BU:Sr * «>* - 'fcfc * 5 WW6 - * #T?t *<> 

^*fc»«i«i#y "Fa*******^*^ (#^0862-30752-^ 

'mmV't-A'X&Tftetofts ^tfUVMMtKliO.ff 5-^^*5. HVJ (H 

enonaggulutinating Virus of Japan)- V *y-Afc*v *^fe*>f A^MVVfc 

r9 -tX% (1992) pp. 282~287#j&) . *fc^SttifbUfc*V^^^«t 
tlX^Z (&ffl£& : BIOTHERAPY, 8, 1265(1994)) . fc£ W33»'M JVX(DWM 

-A (virosome) fcfc * D 3Wfc"C* 5 (Bagai et al., 1993, Bioch 

em. Biophys. Acta 1152, 15-25) . M^Kfo.+4T**m*4*'X* Trit 
onX-100. *^©J|lifflBH^^TWWfcUfc1l, ^»tt©HNP*»'fr»*rS. ^ 

»*Hfc«fc*fc* (0Jx.#12OOOrpm, 10#) fctJftW^ 
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' ' i '•• - 

^xftRNAi^/i'*^^^ 

£M <o*. >f< * ~'79&ftZ*s* K** ?<k $ ttfc »M /K* f* J; < & 

'fetVO^S (SB£&I8## W001/92508) „ W^^RNA^-Y/VXO^y^P- 

Whn^-^/V^^tf £>tK ^ft&fcfi^P'—— T^XeifiL^^^/^ (Moloney 
' Murine Leukaemia Virus; MoMLV) *5 &Tf*&Xltfal&V'(A'X (Murine Stem C 
ell Virus; MSCV) t£Ztr£t?&^ VJA'XWft (Oncovirus) 1>. b n 

(^PJlCjoVv-C^-V^^^/V^^P^JSi) % £tffc WHSF^fr'f /I' ■ 
* (human immunodeficiency virus'; HIV) (^^(fHIVl*7t»HIV2) v iM'&gs 
sf£tys(sUX (simian immunodeficiency virus; SIV) , 4 As* 

(FIV) ; -r^fj • tf^^-^-r/VX, ^-v^tt^jfiL^/^ (EIAV) , ir=¥K 
%%<W<*7 4 (CAEV) ^if^tfl/V^^/V^M^ (Lentivirus) fcM1~ 
5WM3^;^ (^PJ^*5V>-Cl/^^-f/V^^^) ^rffetbS. HIV-1 
fcUCttx &X<D* 9 S-Y— (M) ^-f^^-f (AA^bjSrartf) x N*5*t* outlier 

(0) #^*ttS (Hu, D. J. et al., JAMA 1996; 275: 210-216; Zhu; T. et al 
Nature 1998, 5; 391(6667): 594-7; Simon, F. et al., Nat. Med. 1998, 4( 
9): 1032-7) 0 SIV^II^^ VXfe. SIVagm, SIVcpz, SIVmac, SlVmnd, SlVsnnu 
SIVsyk^^M^t?# 5o titc, *:A-^«M/l'* (Spumavirus) K&JKt&i'h 
n^;^/iiftibott)J;<> 09;Uf:7*— (Foamyvirus) ^ 

'*tt5 (DE4318387; W09607749; Virology (1995) 210, 1, 167-178; J. Virol. 
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(1996) 70, 1, 217-22) 0 7 X-K-VJ /VXK&^Z*? 4 fr*^? ' 

thntfy^xy^p-/ g6 ^ 7K^ttP^!>-r/^ (VSV) <DGm&M%¥ 

^^^/^(DgB % gD N gH, gp85®fig x EB^^/V^OgpSSO, gp220gSK^^dS 

. * . ■ • • 

LTttx Mx.f^!7^eiL^l>>r/^ (MuLV) 4070A#c&5fc<E>;n;^<p — T'W&M 
£JBV^^<b#Tt5 0 3;fc v MuMLV lOAlft^^^^^n— ^g^^^-^v^-SC 
5 (M^ffpCL-lOAl(Imgenex) (Naviaux, R. K. et al. , J. Virol. 70: 
5701-5705 (1996)) „ xa ^y^xy^D^ggg^ Lt( ^ #lxJ;£^-n 
^ ? * 6 jfiuft >7 ^ /V* (MoMuLV) & 3^0x n — :7°g 6 £: jl V > 3 £ £ £S 

IndianajfiL^M 

tfc (J. Virology 39: 519-528 (1981» &*©a&£JBV^ 5 0 Zfl 

bsiKfcb, mm<D&&*om&n%m^z>z b&x% z> 0 
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1 '• . ,. , • ' . 

1 ' • 

te> ®\7L\£^7 (Paramyxoviridae) (£>ir $4 (Sendai 

virus), 7s)VM*?<i (Newcastle 'disease virus), jotc&>< >^i?!7 

^/V^.(Mumps virus), A?* (Measles virus), Jr/V h ^ ^ y >M >VZ3$( 

Orthomyxoviridae) (D4 >^JV3L>^^7^J'V^ (Influenza virus) N '*7~f Y*7'ifl' 

i • 

(Rhabdoviridae) ©Tk-tfiftP fr^ JVK (Vesicular stomatitis virus), $E 
(Rabies virus) m*mfbtlZ>4 
fc&V yfe&Z^tZ VJfrtt 65tf± % 

' ~^^^^^^RNA^^/V^tt^filiil (non-segmented) v>T "7* *$(RNA!7-f A- 
Xt^Wt>frl^ '<*7%9 (Paramyxoviridae; Paramyxovirus, Morbill 

i virus, Rubulavirus, ^3«tt^ PneumovirusJl^^r^'tp) , ^^KlM/KX (Rhab 
doviridae; Vesiculovirus, Lyssavirus, iioifctJ* EphemerovirusJ^Sr^tP) > 
7^0^;^ (Firoviridae) , HtjV Y Kt, V (Orthomyxoviridae; In 

fuluenza virus A, B, C, Thogoto-like virusesj§#£"aip) , 'f^V 

4 ;V?, (Bunyaviridae; Bunyavirus, Hantavirus, Nairovirus, & Phlebovi 
rusJR^S Sr^tp) , TU-rpof/VX (Arenaviridae) t£¥<D&\ZM"fZ> ?<f/VX& 

#3893 fcfcl ^T^^/^^^ >^£;ppr-5 S^/KXai^n -^"g SSCte, 
^y^^y^^T/^J tfct, ^ ^ y V^/VX®- (Paramyxoviridae) IZM-tZ 
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^ A'* X,?%*yV<tA'XbVXti:s m%.HZ'<7X? W (Param 
yxovirus) J^' ^/Vfc* !J •M/W* (Morbillivirus) JS, ^itM^ iM^* ( 
Rubulavirus) =3.-; i e!MA';* (Pneumovirus) JS, &«fc 9~=l~?< 
^yVX (Metapneumovirus) M#*£3;fru ^ftfttefrfrfei'^f ?^V*(Sendai vi 

» " . ' - - »'.'.. 

rus) N ^s^rfl, \y^Mfc*7<i (Newcastle disease virusk 3ofc^< ^i?^ 
A/7* (Mump? virus) x ^^;V7 (Measles virus) N RSS^VK* (Respiratory sy 
ncyt ial virus) 1 % A A/7 (rinderpest virus) N i?7 X V !> ^ /U*. (dist 
emper virus), fvt^7-f V^/V^^f iM/V* (SV5) v . t W<7<4 y7^xy 
if <^/K*l, 2, 33Wfc&«J*tf feftS, ^7 $ > y ^^^©^^/^n^SttS: 

U< {4^7^^y^^/^B^^^©^^/^^^^o^M6®T*fc5o ^ 

5flf3u GenBankT^-fe s/v-3^#-^ D26475, M12397, M30202, M30203, M30204, M 
69046, X00586, X02808, X56131 ttZfc&MZftX^Zo 

#5o ^^^/^^^^/^©buddingKiJSV^fix /^7^ -P—Wi/T^ 
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» . 

^PJ^^.V^T^^^->Stti^> ^/Vf^Vay (Hemagglutin 
ation, HA) lilut^ 1-^^^#jfD.^^^k^*6^^WPo 

ft, ^ITi:)k>V^^i PP. 214-225, ^l#^^±) o #lfc^b 

a*wu <ri^4t;«.ftft* *fciaatfCfcir* MfrfcibftUfc^Tff*. * 

'frWfc»;"^V^/U'^VS&tt , ©lfH3£ttx fefi Tendo-point S&fijfej (Kato, 
A. et al., 1996, Genes Cells l: 569-579; Yonemitsu, Y. ftamp; Kaneda, Y., 
Hemaggulutinating virus of Japan-liposome-mediated gene delivery to vascu 
lar cells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Metho 
d in Molecular Medicine: Humana Press: pp.. 295-306, 1999) KfOmfcfZ 

tUIMMD LTV*5ft£t>*S*L3. *»WolWWfcB:, ftfc^#f«n*ft 

9ff*b<ttl/3OT,'J:9»*L r <ttl/5£JiT, J: Off* b< ttl/10ttT, ±0 
'ff*C<ttl/20#Tx i9ff*U<tti/50JSJlT^ *0ff*L<ttl/lOO#T* .1:9 
ff * b < ttl/200OT, £ 9 ff * b < ttl/BOOETK £ 0 ff * b < ttl/lOOO^TK: 
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'■'!,. 

1 ■ * 

1 ,i ■ . 

TV^ 0 ; 

mm* v < ^7o%^r> ■ £ o gfe'L < mo%ur, <t p ap* u < m/zskr, & 

• 0 ffr* L < <fc 9 U < «l/5^Tx i 0 0£ L < m/10£*T> £ t> 

L < !*l/20OTs <fc 9 0* L < }*l/50.gJtTfc{£T LTV ^ 0 . 

ft*tmmmzte\,^xn, mmmmmmtomi&mm&mz&Lx&v) 
n^iaiti)57a-i;3y (f> m&nvmzfckZo ^mmmmm^ 
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PCR, IfV^'ny M^H^^a^ !>s^^nyb 

(mRNA) ifcoffiuMfi fc'itts^fcttnwfctttai-ft-ifcJ: 
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KfiflBrtK $7Mfl£tfMB (i*7K^) ^ **t«ffl«;& ( 7 7V7 

^ rs: whk- s>*/n7* k^«^ 

^eK^m^^^^^^ 111 ^^^^^ 0 - k&x% So 
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. ' • ... 

l'* ' '* » ' ■ • 

mmi-z z t Kins mm^-? ym^G-rz^^K-^ 

i-Sfcftfctt^ ^4&©^S«:0*b<r±i,6OO Da) 0X±x «fc*>0 

£L<m,800£Lh. j:D»*t<tti».900£JLb, it)»*b<tt2,ooo^±-e*>5 

o $mfe&S2, 800^_h. J: t) #"* b < B3, sooRJb^ J; 9 £P£ b < i*4, 300^ 

^?**S'l2,000£Ur, £90*L<ttl4,OOOEU:, £ D 0& U < «:15, OOO&Ji, 
<fc U< t416, 000a±, «t 9 03: L < (418, 000£Jt_K J: 0 U.< {420, 000 
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' - ■ ' - 

i. . ■ . ;«.■■■ 

o 

' tttttfrZik&mkVXK. k^D^^y^y a-^ (peg) ^WfeHs- ( 

t 

J.M. Harris, "Polyethylene Glycol Chemistry. Biotechnical and Biomedical 
Applications", Plenum, New York, NY, 1992; J.M. Harris and S. Zalipsky, " 
Chemistry and Biological Applications of Polyethylene Glycol", ACS Books, 
Washington, D.C., 1997) . PBC^^-C«&^teV>*fcttftV^*#aK:Ji 
V^itSo PEG fcttu TfB(0«3tSr^rs^*bSr»5« 
-(c^CHjjO),,- Hb£4feiJ. 

(rrTnfi2^±Og^) 
HO-(CH 2 CH 2 0) n -H Mb^*2] " 

,Voi— 7VV (mPEG) tt v *%WK$$\^Xlfr : m\Z.m^t>tl?>o PEM-&&mtXh<>X 
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' '•' 22, . ' , 

t*' • ' . ' ' * 

i/cvvcJ:v\ ^^©^^©^©^A^^rtB-efcO^ 0iRj3peg2Ooo (¥ 

2000) V PEG3000, (TO^fi 3000) , PEG4000 (W^f * 4000) % 
PEG5000 \(W#J* 5000) \ PEG8000, (Wsfr¥* 8000) x PEG10000 

10000) ''- *fctt-PBB20000 (W^HI 20000) ft^£MKfflV^^ 

(Buckmann, A. et al (1981) tyakromol. Chem. 182:1379; Zalipsky, S 
. et al (1983) Eur. Polym. J. 19:1177; Eidelmah, 0. et al (1991). Am. J. P 
hysiol. 260 (Cell Physiol 29) :C1094; Pillai, V.N.R. et al (1980) J. Org. 
Chem. 45:5364) \ ^te, N-hydroxysucciriimide (NHS) fiHfcfcM^K S 

JWWSKltt* PEG #/V#>^©NHS^*7VK bVX\3.M%-ti PEG-Succini 
midyl succinate, PEG-Succinimidyl carbonates PEG-Succinimidyl Propionate 
% *5,fctJ* PEG-Succinimidyl Butanbate fcZ&WbtlZ (Olson, K. et al, (1 
997) J. M ? Harris & S. Zalipsky Eds., Poly (ethylene glycol), Chemistry & 
Biological Applications, pp 170-181, ACS, Washington, DC. ; Harris, J. M. 
and Kozlowski, A., U.S. Patent 5,672,662) . PEGObenzotriazole carb 

onateftSti^ WbftOT ^ (Dolence, 

Eric t. U.S. Patent 5,650,234) . T/Vft KMr^K^SPBGfcB 

j£$#5£fc;& s 'C#5o tutX-ft PEG-Propionaldehyde ft if V * 5 £ t 

(Harris, J.M. et al (1984) J. Polym. Sci. Polym. Chem. Ed. 22:34 
l; Kinstler, Olaf B. et al., U. S. Patent 5,824,784; Wirth, P. et al (199 
1) Bioorg. Chem. 19:133) .. *fc PEGOMaleimide^^^^^- /Wfcfc***" 



WO 03/092738 PCT/JP03/055Z7 

23 : 

Sr.' (Goodson, R. J. & Katre, N.Y. '(1990), Bio/Technology 8:343; 
Kogan, T. P. (1992) Synthetic Comm. 22, 2417) 0 PEGOcarboxymethyl-NHS^ . 
Mfcs norleucine-NHS^^#k tresylate^^ftx epoxide^^fts carbonylimida 
wlefflH/ts fc^rj? PNP carbonate^W^^^fflVN§r^%T*#^o wL PEG 
Tresylate*5«fcTflPEG Succinimidyl Propionate^ji^VN^^ % 0 

ttt >j >v*m-* lfflgK^/mi umom&xmmu ttto^t^Mk&®>% o.i~i 

* lmgSfilt^b-C, pH8. 5<D»J$*-C\ SPA-PEG5K£l~5mg£50S;£^5 £ 
fcitK *^ SPA-PEG20K^10~20mgm^^^*^-^^«t^^^^ >/ 

£.©*Jtri* fbi^&^/HBu $JjVX&%#rs/<?&b V1tWr&K l~10/zmol 
/mgg&ft Wb^/^'f/V^Jt) > iD».*U<»±-2~8M.«bl/"g«fiK> 
£L<« 3~8jtmol/ingSaSt. Wliim t £#*T?* So 

©^f.*t40*b<ttlOO,OOOl^Ts J:0«P*.Lf<tt80,000&Tx t9»*V <r * 
60,oooOTx l:9#*Ktt5o;oooOT"cab6. #K:#^*#40, ooo^Ts £9 

•»*U<»35,0OOOTx j:«?0*L<f*3O > OOO^T. «t 0 U < t±25, 000£TF 
m&rf-O^Xm* tt. ^JlifUW^ (PEI) ft WBBl»8S# JJ T ^ Vfc J: t> 



WO 03/092738 ' rC17 JKU 

,24 

• i 

*X*«f«tfc-fcJf-3*5 - £ 5 e ■ £<b#£\ PEifc <M/i'* t ©AJfctt, 

-lb^*%^tv. b^/^*^^^ 0 ^*^ vkw&\z o.ooi-i Mte*/?^ 

* £ 9#*L<tt 0.01-0.2, £&#£L<tt 0.01-0.. 1 
t5o'PEI©W5HFl:tt^J^.WC25 kDa-750 kDa (D%<b&&mzm^Z>Z bfrX* 

m^^it^^^/^^mmmrvr^^, (c) Raejt^fiiafe^- 

S^*^5^^i#^j*Ufctt^Sr^, (d) .'tf^*'fc«3tGHf\ 

*Att*fi»i-5r.t^#s. yaw tit, m^m^(D^mm^^ 

'©*WB*fiH*ffe:-fS'fb'&**e&5^ #1*.^ ^OF(ab')2 ^rtf (^f*Kj50kDa 
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r' , . . 

*%tUkit®itttoir%Tnz&b\^tt*mmir2>o x@ (i) tt, xm 

(a) (D|fr^fT^ J C^J:<v fcsv^tiia- (a)'*fe« (b) i:PWM>SWM. 
a) (b) ©fts Sfcttlfi (b,) -"©ll^oTfciV^ #*L<ttI» (i 

tomt&tts mMttnfefc*Mmmj&wxh<>x, (a) iiatw^ 
sHtj^ftTut^?, ( c ) ttaeK^^^^Ki^ufc*^^^ (a 

mm^^^m^^ir^t^m^m^x^mmmmm^wm'r^m^ 
^^;v^^mm:^^^^-^^\^n^\t^mt\^xm\m 



WO 03/092738 eUHJWSIVSSZl 



^tO^ 7^©^ U ^ P-t/^^i^ / ^ pw -t/Ws £bt-t httflc 

jjl&\Z.$£oX?T 5 r. £# s "t*#S (Harlow, E. and Lane, D. (eds.), Antibodies 
:A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1988; Shepherd 
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r' . • ■ 

P. and Dean; C..'(eds.), Monoclonal Antibodies: A Practical Approach (Pr' 
actical. Approach Series, 227), Oxford Univ Press, 1999) 0 #P^n-^ 

Ml 2lC|B«©HN-l (Miura et al. , Exp. Cell. Res. , 1982, 141, 409-420) X* 

M6SC) )tfe£-f im, *<D]fcfcWr)tXibiXh&\ Fab, Fab(t), 

Fab\ F(ab') 2 V &#^1>S*«Jf (Fv) , MCW^i&frtf (single chain Fv 
; scFv)', t.tM^tlbommW^t.fl^o Fabf4^H0-5I^^^tflO 

^t^'o Fabtt, mmatJ A/^n^ !J n tK «fc <9 # 

Fab(4-fA/^n^y VlMbs H#m»Hl& (V h ) QlSr^iptfy^ 
^ K0i^^Ufc-l:^e«^^tl2»o Fab' 

yaws* vmmvwyj h*&<kz®mvxnt>tiz>) ^ Fab(t) c-r 

Ay V© b U ft^x Fab£P#<Dl#3i&3r1~5 

0 £fcF(ab')2i:te, ^#:0^^^^i-5fei:^^f«tLtlll^^fl|^ 

^fp 0 F(ab')2^il^W2ofc6-«fei:^-Cfe?)x &M#J^te£i;#£ 
pH 4#3£X^yixy(Cj:t>?mbbT#b^ H0Oty^^^b-CV^?>^ N ^ 
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2 ^ftft^Ili 185-195^i> (^^PA) J &Z.Tf/$.tc\* rcurrent P 
rotocols in Immunology, Volume 1; (John Wiley & Sons, Inc.) J (DlB^t-^ 

pt«o7 ^ /mis^j^Wbv vxmmts-&mmtz> c £ 

6-^d?-e#S^ mX\t±%l(r>&0\&*bs Fab(t) v Fab\ F(ab') 2 . Fv N ,scFv 

% 0 *mw<DMj&Mxmmirm®*tcimm*t\.xi^ MrWma-z. m%.& 

% jyfty^^t (Drug Delivery System, 10, 91-97, 1995) , 7*=^ (The Jou 
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' 30, 
rnal of Biological, Chemistry, 267 J2403-12406, 1994) , (The Drug • 

- ♦ * • i ' 

Delivery System, 10, 91-97, 1995) , 13*. No. 4, 277-28 

5, 1994) N KDNA, (Methods Enzymology, 221, 317-327, 1993) x RNA^ 

s ^ibC Z-Xlbb^rV y T"7 (Proceedings of National Academy of Scie 
nces of United States of America, 89, 7934-7938, 1992) (Journal 
of Biological Chemistry, 266 (6) , 3361-3364, 1991) i:©!^ fc5VM3\ jft ( 
tfiVJ^ffl. h^s'y (^77 !) T b^^Biochim Biophys Acta, 119 
2, 253-262, 1994/ V */V jBiochim Biophys Acta, 1070, 246-252, 1991 1 ) , ' (Im 
munology, 81, 280-284, 1994) . &5V^tt^(^(QHffl(p5^KH«fc«*ffiV^C: 

So 
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■> , ■ ' - ' 

ttW0mam.<o& J f**s nm, »*©.fw v *Mk ftak «fc a 

M^fc^bjMWf-Tfabfttf, t < te&JlO 5 CIU/mld^^JlO u CIU 

/ml, £ L < te&>10 7 CIU/ml^b&)10 9 CIU/mU *t>0* b< (*^1X10 8 CI 
U/ml3^5X10 8 CIU/mlO^H^*^^±^^^fe^^-T?S#i-S^ 
##*U\ t MC^-Cttliaa*:9©««« 2X10 9 CIU~ 2X10 10 Ciuas 

#*u<, »4iaft«:, iiii*fc«^±^wi6*i'i^^ffl^^iHiFr^ 
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". 3 2 ■ . . 

r • •* i 1 • 

} ■ ' . ■ i ' ■ . , 

mft&T:tovX'£\t\ #iR#Fab/Fab(tk Fab\ F(ab') 2 , Fv> sc 

fv kziwtrbtiz* F(ab')2 ttffjt^fflv^tbs. «^^-rs^ 

:^s-Ct5o rcD.tp^tafr^U'C^ #JxJ£^ T^n-;K ^yirc-/V 
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1 •• .1-. • ' 

'• . ' 

m*f&&\sX^zfofc*itte*<DWit. Cb) n*y<u-yw&mii 

HI 2 W\ SeV^ *5«tTJ«TPEG^SeV-<^>— 7 y hJfc$K:*t1"5i§ 

km 1 ®-*, 37^ i5^©^-eaii&t*js*«rwrrH-c*>s. . 

0 3 tt % SeV^ *-&£TKPE(^tfiSeV^ y hJMS+'TS©*®** 

W^fc*£fc&j5cf-0T?*)S. 3rC*t?lx-l538J;rJWMoab*i!ifc, 

0 4 tt* SeV^ * — *5 «tTjTPEG^^SeV-<^ * — &SDSfca$cfl £?TV \ IS^-fe 
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0 5^, SeV<<^ — feiT^SPA-PEGSKi^SeV^^^-^^i^^SeV^^ ' 
06ft, SeV^^-fc^^M^^/^e^^^"Cx HN®6~.tf>5i#l 

. ... . ^ . , 

07ft,HN-l, HN-1/F(ab')2 *5t t^ONHS&iCt 9»Lfc^l^M^#: , 

^ft^log^lB (log 2 (HAU» >#fo • , • 

0 8 ft, SeV<* HN-l^fftiSeV^ ^-*3i^m^^HN-l{»SeV-<^ * 

til X 10 7 v 1 X lb 8 *3 &m X 10 9 pfu/mLX\ im^? 9 -ftl vf ftfcl x 10 9 pfu/mL 

01 Oft, HN-l^fcftHN-l/FCab' )2^ J;OT^^^-CSeV-<^ 

01 1ft, SeV^^^-^HN-1^7bftFi)C^T«Ufc^^HN-lT^4^ 

jh#«8tf^©log*1B (log 2 (HAU)) Sr^-fo 
012 ft, PFG^IftiLfcSeVO^>r ^-«^i-0-efeSo pegkjS*^^-c 

013ft, PFG^fpLfcSeVOHAS&^b^^1-0-efc6o PEG^*^^X.TSe 
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fell 4 ft, PF^fPbfcSeVO^ttiHA^tf^^K^^1-0t$>^o PEGWc , 

HIl 8'fi* PEG10K{«SeVOin vivofNffiSr*i-Ht?*>5o IMSSeV©^^^ 

mi 9 fl PEG10K#«eV<Oin vlvofWB.**t^WPCT?.*>-5. 01 8(£^Lfd^ 

J20I1 PE(H^SeV© 4m#^#^(D^tt^im^*^^r0"C*fcSo 

m 2 1 14x # y xfi/y/f $ ^ (PEI750K) i©#ifi»***i-H"C*>*. PEIfi 
, PEG^fiiSeV<D^ttiSr±#^^o 

NLS-LacZ3t^»i^V^^-©PKi:ttR * 
»^fTV^HttLacZ*W (NLS-LacZ) ^ tfcNLS-LacZ/SeV«|E^O 
#8sfcJ:D.fEKUfc (Kato et al. , Genes Cells, 1996, 1, 569-579; Hasan et 
al., J. Gen. Virol. , 1997, 78, 2813-2820) „ iO^^MrtrttlP (100 
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W) frgmVXs '&2fc\tXZBM%imks L* Sfcft&laMJtUfc. 4,000rpnK 15- 
±miO, OOOrpnu l*TOifrUT^>^*ttil**fc. PBSKllHi 
W&s WM^ku (30/5p%) KMMU 25,000rpn> lH*M3tit>Lfc (Beckman, 

m®om sdsmix^mthtch(o^wthxm,\ bsa^&^l-c, bc 

A protein assay ' (Pierced) ' fcXmfcVtc Q '^jfaaMBMStt (HAU) mkf ok 

gffli^ SeV lHAtJ=il&10^fu©8^&/flV^ tt*k<* ^-f*lmgS6/ml=4096 
~5120HA'U/ml =^)5 X 10 9 pf u/mlt? o fc 0 
[&16fll2] TPEGi«ftSeV-<»— ©WSi 

H«J 1 ©SeV-<* h y ^«;PBS*C2«gafe/»lfc*fiU*lo -©^0. 5 

nl\Z.O.W\Z?mmffiWi (pH8.5) «rO;5ml*P^X; lmg®&/ml©pH8. 5}«&:Mb 
tco >V.V>HSHfefliraGWp (TPEG. ^*5000 : Shearwater Polymersft) lmg& 
±|B^^»#U^^f>^>ft-fo*p^, «T?90££0£&fTo;fc. (HI) o £J£ 
j&Tlfex ^$&*#PBS 14mlT*#^LT, 15, OOOrpnu INf^©^ (Beckman, 
^-SW28.1) 0. 8mltDPBS(C#P^LTTPEG(^lftSeV 

C^»i3] TPEG{^SeV^^-^J:5-rvlf MaJt^HSm 
HJfe^l (DSey^ff—GX Y yt SrPBSTf*3RU"Cx ixi0 5 pfu/mit Lfco ^ 
%tf 2 ©TPB(Htt^Y^.?^W3Wtt^^ £ScS»££ti!£& £ bxty4 A 

xm-mzm-'fcvtz.o mm.nHBmei a mm (th^saaa***) fcizweii:/ 
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ft (^TFCS) mmm^ lml/well) T*V-Ktfc 0 flfiftO.WfcH&U ± 
gB-k^ *-#«&50 m 1/wellT'iP^l (SeV-<> ^-^"C5X 10 3 pfu/well, moi 
=0.1) \ 37T\ BX (%T?«ft«rffofc. lP«RI1lfe^^^*W- v W ,, C2H*' 
mcK2mL<D%m&M%.s 37U 5% C0,^24I*M«« Lfc. ■ UcZJt^fiSm 
Galacto-Light. Plus™ (Tropixft) .^n^a-zW^oTfrofc. KB 
jaae©ai3tttBCA«fe (Piercefr) \motz. 0 Jfe*tt8BJ&»&fcfcO flight unit 
(RLU/ /ig protein) *C^b7t 0 ' " 

i • 

«M ;VZ®fr$fr<* s TPEG~SeV-<^ * ~ttSeV«<* KlJfc'<T2, 000#<£>m~Ftf>HA 

mi 







i 

HAU/mg 


LacZ^fi 




(mg/ml) 


t 


(RLU//xg cell protein) 


SeV^£*- 


0.93 


5120 


2335604±72774 ' 


TPEG^IipSeV^^^ 


- 0.99 


2 


1046353±29841 



fliSeV^ ^-£PBST^3fRLT, l^bl000/z g^e/mi(0^iSrMLfc„ * 
— *HR#50 /z 1 37°C^mUfc7 y >J§L»50/i l«r$lfn U 15#f^ 

'ntr^*Sr570nmH:*5ttS!R3t* (0D570) fciOMfeLfc. fc*5. ^*'*H&tt 
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$jfaL&& (%) '= { (^**H8»>0D57<>) -. (PBSTOOD570) } / { <M% 
7KO0D570) (PBST*tf>0D570) } ><100 

tt 0 -#/TPEGi$^^ TPEG#, 
IftiSeV^ lOOOjii gO^fe&ftSeV^* m gfc^-fS - £ v 

^|»J 1 <Z)SeV/<^ * - SrPBS-C^ Ut. lX lO^f u/ml Lfc„ ^jfefcl 2 OTPE 
(HllffiiSeV^ ^ 

-^r^250Mliis SD^yy K Qff^ifc-^250/i l^r?SfPLT, %TZX4 

y ^ 3 v^t^to fee ffi ^(D^mmmm^ . famzso » iw? y 

<D&ST?]k$^g&;iJfc^T1000#^ — *\ T 

PEGi^SeV^ «4 1 •C(D^'|4»^$tl-C*5 0^ ^IfP^^^- 

6 ] SPA-PEG2K^SeV^^ *-<Z)fiS[ 

1 <£>SeV-<^ h v ^^^PBST*^LT2mg^e/mlfc^bfc: 

„ ;i<D}«£0.5M{S5$^tt (pH8.5) T^^LT, Imgg6/ml2«£fl$g 
Lfc„ ^*2000O^^^^^V.ynt: o ^-vmil^PEG^ (SPA-PEG2K, S 
hearwater Polymers^:) U 2*fc«4mg^_hlB^(31^#b^^^/>S-f oiO^i, 
^&T-30#KJ&£:fTofc: (11), £J&$£tI<#PBS 14ml -eft& 5: 
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m\ 13,000rpm, ll$|ffl03S& (Beckmaiu t^*^SW28.1) fc«fc 9^*r^|H| 
JRU 0.8ml<£PBSK:fS!&$bT, SPA-PEG2K^SeV^**-Sr#fc (&2, 





fi-, >rffc r&r »J.^-fc 




3 








'1 i ; - — - 






Pf*W o 


PEGSJSS(mg) 


HAU/mg^ LacZSe^fgJHlt^) 




• 




4096 


100.0 ± 7.5 


SPA-PEG2K|£fS 


1 


1 


1024 


29.1 ± 2.6 


mm® 


2 


2 


' ' ••• 512 " 


4.7 ± 0.2 




3 


4 


<i 


0.5 ± 0.01 


. SPA-PEG5K0|fP 


4 


1 


2048 


115.4 ± 145 




5 


2.5 


''• 2048 


.93.1 ±45 


• 


6 


5 


512 


42.7 ± 4.9 




7 


t 10 


<1 


1.6 ±0.1 


SPA-PEG20Ki£g|i 

(*asW8) 


8 
9 


10 

20 


1024 


95.3 ± 9.7 
48.3 ± 1.5 




10 


40, 


<' 


0.2 ± 0.02 


C*»«-7] SPA-P 


EG5K^1 









Hlfe#6 <DSPA-PEG2K£#^l;5000tf)SPA-PEG5K (Shearwater Polymers*!:) 
.HbT. : PEGRjS*&ls 2.5 N 5*fcttl(h«^W*fc^-*l«RSrffV\ SPA-PEG5 
K^fpSeV5r#fc (^2, &##-^4~7) „. 

[^»J8] SPA-PEG20Kj£tfcSeV'<^* — <b%% 

%Wfo 6 ©SPA-PEG2K.Sr5H-*20, 000OSPA-PEG20K (Shearwater Polymers*±) 
•^SHbTx 10x 20* fc^40mgT^m^JS • *l*^fifV>, SPA-PEG 

20K#$PSeV£#fc (t2, ^#-^8-10) 

04fcSPA-PEG2OK#^^^^-SrSDS-«^ftS:ffV\ fcttefefcJ: 04H*J*« 
Bfc^Ubft****. PEGKlSiOii^fcffo-C, HNHfit**r*^F*.. 
«4>U ftt)^^*®^^^K^ttl^^^o itbtt, PEG^^LfcHNme 
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[|||9]'' SPA-PEG#^SeV^ 

mM 1 ©SeV>** * ~*5«fc tftitttt 6 x , 7 *3 *XK 8 {C|B«^PEG^^SeV-<^ * 
ft^MUttteTLfci UcZa^f^m«SeV^^4r-|j:)t^ fc«T**&#> PEGS 

loWmifcMbfcPBS&fr-? h y#iL^S:300iti^io^o »HR»J4*JfeaWft 

©ftO tCPBSSrfflV^o Idfefl 1 ©SeV^^-*fcWt*2 fcfB$fe©PEG^tfliSeV-"< 
WlBfcfefTofc. 2 Srgfc, R D»S3»*i ft 5 i ? KM. 



*3 

















22.5 ±4.2 


(2US0U) 


1 


SPA-PEG2K« 


1 


47.6 ± 2.0 


(2UHH6).' 


2 

i 


49.2 ± 13.8 


SPA-PEG5K^H|i 


4 


34.4 ± 3.4 




(Hife0IJ7) 


5 


46.7 ± 4.0 




6 


53.9 ± 4.8 


SPA-PEG20K^ifp 


8 


46.1 ± 9.7 




9 


49.6 ± 6.1 



IMMffl 1 1 ] 4'fP^L#:#&T'C<iDSPA-PEG5K{«SeV^^ «fc 
(1) SPA-PEG5K^SeV-<^^— ©WU 

mmm 1 fc^CTNLS-LacZ/SeV^? ^— «rlPWK • «fiR«rfrV\ * b 
LfCo ro^^-l-Mlt, SPA-PEG5K (5mg) £^jfe#J 7 fcfBife©^^ C 
■CR*«rV\ SPA-PEG5K{^SeV^^^-^TObfc e ^-©LLCMK2»C 
Mi-S^-T *-«OT© <fc 5 Ksfc&fco H»W 0 l-LLCMK2»£ 6 well:/ V- h 

(ftS^?^f H ^lwellfefc5lX10 6 »iC (lOSSFCS^JOMEM^* 2ml/well 
) •C'v'-KbfCo £1% .FCS#fcPBS*Cl mgB6/mifc:#&U"<\ ££>fclO 

«*3^*lfc»l»Lfc. 1fflBIM&©#»*:l**U 1 well* 

fcOl raLtr^JPbT, 37*0, 5% CO^l^fM^^ofCo ^*Hfe*«rBfc*b 
'fcft* tg&T^^ ^fcfc#»*well*>fc*>2 mljq^t. SM^rC, 5% C0 2 t? 
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Z>nfa*.&-<&l' staining kit (Invitrogen) fc* JJX-gaUfcft&frofc. x200f& 

• l 

UcZ$&*V>^ (CIU/mL) = (MMUHK) X854.865X (ftflflHk) 
■*©*S*v SeV^^^-^«t^SPA-PEG5K{«SeVO^^^»-»- ; etb ; ett. 1.4X1 ( 

0 10 CIU/ml^ i t^2. 7 X 10 9 CIU/ml-efc o fc 0 
(2) «ffP^#£TT'05t^SA . •• 

'JdMU 1- (1) |B«OSeV^>^-^J:t^PA-P^5K^I(^eV^^^-^PBS 
T^LT, lXlOT.CIU/ml^MUfCo *V-^30/z IiH s SeV,^'?^^^ 
^LTf^Lfc^SeV^lkfit (56<C, 1B#P^S) | 100& imOOO^Mtff 

SfctePBS 30/zl'^^PLT, ^X'lmmWVtCo gifctft 0 m01K2«Srl2w 
ellT^- Mffe^-*^ H l-lwellfcfc«92Xl0 5 ^^ (10% FCS^PMEM 
lral/well) t^KLt ^jfeSrO. 5ml^b iiufB^jfcfit&S^ 

^40/ii^r^^/Ht*p^> 37^, 5% cp 2 x*mmmp£*ftofco ot* mmmi 

1- ^fc20^(DUcZ^^m^X-gal^T*Mb^o 

<&T\sfr 0 SPA-PEG5K#fpSeV-<^ 

12] ^CHN-e / ? P -^Jftft. HN-ltf>i§»5 £ tfftiSJ 
^^y^n-^trC#: N HN-lSrm^-TSW^P K-^^flS (Miura et al., 
Exp. Cell Res., 1982, 141, 409-420) £Hybridoma-SFMi#ifi (Gibco-BRL) T'37 
°C, 5% C0 2 r>mtt%m*mtf. 2X10 B '||B»/ml(Dm#^1000ml^MUfCo 

^hKs 2mmmmzmiitc&, 3,ooorpm, lo^o^t^m^^ntc^m^oAs 

^P^^^-fc.fc^ofCo it#±^20mM«9A/^hy ( P H7 
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.0) T*WfcLfc5mlOProtein fc^y * ( 

^^*fCo 20nMP is&rVV V&WmWi (pH7.0) T^Ufc^, O.lM^y^- 

im (pH2.7) T^^tbt7t 0 mmL*m hyx-mmmm (pH9.o 

)-^4»5fMk IS^Htifl (if:/ h !) 7*7*- 2 y h30, 000: T ^ =v 

) T'^bfCo PBSf¥W^b7tPD-10E^7^ (77/^^7) X*PBS(^^7 
7-3*bfc^ ^PI^ig-C^LT, HN-rlOPBS^ 160Ml^#fc 6 ®6 
• ^f^-v^n^y V^fpi LT, BCA protein assay (Pierceft) l£. 

.kD^fefc^x 37.6mg/ml-efcofCo 
mMM 13] mm^y^ HN-l<£F(ab')2 77^^ ^ Mb 

H3i0!ll 2©*t^y ^n— 7-/V^HN-lSr0.2M ( P H4.5) XftM 

' LX2mgg a/mll-iS L7c 0 k 6^2. 35mi(i0. lmg/ml KMU Lfc^TW (Sig 
maft) <D0.2M^>lMe (pH4. 5) £2. 35ml^0b-C, 37t;T*21Rf P E 3£jS£?To7c 
„ IN TK^-7-h y !7A 700Ml'C c f , ^ll-7t^N,PBS^P^T^ft25ml^ Lfc 0 
^£PBS^^>fbLfclml<DProtein A^7A (77/WS/7) CMU 

J: *> *«S Ltco $ £> v PBST'^b bfc-fe 7 7 x s> * *76# 7 

i» (77^^7) ^fflVNrc:y/^ig^^j;«9l|^b7£ 0 -R^»K:J:!!>jML 
s HN-l^F (ab')2 77^^b (&THN-1/F Cab' ) 2 ) <2PBS^£300 m 1HU&L b 
fCo 2mm^^&m^n^tc^, 4.08mg/mlOHN-VF(ab')2 & 

#fC 0 

(1) MS?£14<«i£<£^& . 

-£j$tt:Robert (Journal of Biological Chemistry: Feb. 4, 269 (5), 

3198-3204, 1994) \zmZXftotc 0 IP"^ (Sigmaft) ; ?vl•';*/^:7;*- 

>i/ K (DMS0) ^^?LT, 50mg/ml^^Mbfc o 250jk 1<Z> h y 5 



WO 03/092738 ' PCT/JPQ3/05527 
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V (PierceftK 470n^^># n^iz/l^ •JM$*M % F-'(MM4ti® > 
260mg(DN-t KbW^VW5 K (NHS, Sigmaft) ZMlZ-Mz., ^ BtBfX* 

(2) $ms$^^i<omn . , , ■ 

HJfetfiJ 1 20^MC-C^U7tHN-l<7)2. 6mg®6/ml PBSSgSft 100/i l£0. 5M 

n?mmffiwt (pH8.5) looMi^r^^^o^^^^ufeo ^te«i4- 

(1) |Btt©Nffif^^ifeODMSCS§^ jSmg^fcmOmg/ml) 2. 5/x lSr»IT V 1 - 

jmbut, mm^^m-i^m^ mmmmmm 2Kmcxm^tc 0 

(3) 'H^-&HN-l/F(ab')2 ©WJ*. ' 

££J&W14- (2) W-1/F(ab')2 NHS^fl^lRoMSrlO 

1 |5^0NLS-LacZ/SeV^PBS-r»l X l(fyf u/mlfcl38r& U 
W-h{3l50Ml-fo^L7to MMl 2 0^fe^C-Cft|Sib7cHN-l, Hife0U 
3(DHN-1/F(ab')2 % .$tttgHMI 1 4 fc«b«Bft»Wl*fe^«BW*#- 
HN-1/F(ab')2 ^PBST*#3ERU-C 1 d^lOOMgSe/mifcSiftiUT^ ^Mft50/i 

ifc^*-fcWbi/c* iMTMJMHtbT* (He)- 
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H»J 1 |B^(ONL$-LacZ/SeVS:PBS-eiX 10 9 pfu/mli^:^b^ M?&\'%l&f 
ffiftll 4^fB«U7t»^HN-l^PBSTnOOM,g^e/ml^^^^o 

W- Mawellfefc92Xl0 5 »iC (10%FCS«U ^m^RPMI1640itffi : Gibco- 
BRU lml/well) t^Klfco £tt 1 B#f^BU}titilfe?rO. 5mlO^^RPMI1640 

^Sr20/xl/wellT^Px.x 37U 5% C0 2 ^»£frofco 3 f$r^i^<* 

# s Wt*2lHl^^ N fffc^l>^fefc:«92ml<D^ife^D^s 37t\ 5% C0 2 t*48 
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01 0^W^WHN-1/F(ab')2 -©fct^JUBirffofc. HN-1I^^HN-1/F(a 
b')2 fc^T^ ^^©^#t-^^V^^^A^b^o ( 

(1) mffi££$9B&M&itoW& • , 

LeamonbO^O^fe^oT^L^ (Journal of Biological Chemistry, 
1992,267, (35), 24966-24971) 0 IP*>, '^fA;^*^K (W(S0). ' 
fc, lOmg/mlfe^ (Sigmatt) ^lmltC21. 7mg/ml©l-^/V-3-(-^^^/VT 5: 
;^n^;V^n' (EDC : Sigmati) (ODMS0^1ml^P^> BfBf , 
*305Htft.bfc. PBS-eimgg&/ml^^U7i^#!ll 2©Hf-l»«300MlK:llnE 

fcfclc* 3Wt«14- (2) ^P^UTHm^^HN-l^#fc„ 

(2) mB^M-umsev^t^msfe ' 

JdMLl 5 ©«fiKf^HN-lfc*»« 18- (1) Wt©t>©fc«UX#«P<- 
.011 ^-fct 5 fc> EDCfe^«»b*jaMS^H^ltOV^%ra*t, SeV-< 

( 3 ) ^^HN-l^ifiSeV^ * -fc <fc Sa^fSS^i 

^^JlOSeV^^^-©lX10 7 pfuM^t, »1 2©HN-l3&bm^Jfe 
^18- (1) |B«©^m^HN-l©100Mg/ml^^^^^^^^^^ 
UfCo Wll 6(DKBM^qx.-C, A549« (fc MSfcfr/l'W -'*') SMEJBL 
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549MI (Wang et al. , Bioconjugate Chemistry'. ■ 1997, 8, 673-679) (DJtfi* 

• ^4 .; .' 



LacZS-e^JlffiMtt ($eV"C*>-* iH*|»"-C-) &CO*kt*) 



m 




A 5 4 9$fflBa 




1 100.0±10.9 


100.0±6.6 




. 107.7±12.3 


142.1 ±13.3 




o.5±o.i 


0.8±0.1 




14.8±1.3 


3:2±OJ 




+ . 2.4*0.1 


2.4±0.6 



GFm^^MVt^SeVGFPitmn^mK^^) (Katoet al.,,Gene 

s Cells, 1996, 1, 569-579; Hasan et al.., J. Gen. Virol., 1997, 78, 2813-2 

820) 0 zo^tt-znmw aozm ^mmvx. 35. muts/a nwmi 

Uj:5^ftEURUfco 4°C, 3000 rpm, 30 min©it^ ±^ft4U 35000g, 
1 WtfcLT** PBSfcSWMI, ^4°C, 3000 rpm, 30 mi 

■n©*&ftU ±^ft4°C, 3B000g..lldt^br^^-ftft«*^ : PBSfcS 
JR»LT*M^*>-©*bs>* (£TFSeV-<**-*:*fB) ftW»Ufco 
-©^62£gtt\ m®<0% Triton X-lW^^^bLfc *>©£&#£ t/CJBV^ 
. BSAft*ftiL-T\ BCA Protein assay (Pierced) fcTill^LfCo 
—{41x11 mg^fi/mlt?fcofCo 
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('■''' , . ' ■ 

MMffll 90SeV^^— 1*5^0.5 ml^O.5 ul*?B&£0ftK (pH8.5) £ 
*U;U 0. 5 mg^/ml<£pH8,. 5«%Mbfc 0 #y-*2000tf>* 5: • ^ 
utt^BUWPM&M (SPA-PEG2K, Shearwater Polymers*!) £0, 2, 4, 6, 
8, 10 mg^iia^fc^L^ 

BtfomT^ &fomz4°c, 15000 rpm, i hii>L^ ttm^^?m^mm u s , 

^4^, 15000 rpk .1 'h»ffr-fc* ; 9^^^*:EI'RU 0.5 ■l©PBSKHf»»b : C 
, SPA-PEG2Kj^SeV^*-£#fc 0 |IN(^?-©*6**W*kffi 1 9 bft 

[H»J2 1] . SPA-PEG5K^0SeV-<^^— <DMM ".. , . 

'•• . ■ • 'i 

0,©SPA-PEG2K£#^ ik5000<Z)SPA-PEG5K (Shearwater Polymersft) 
^Hb-CPEGE^*SrO N 5, 10, 15, 20. 25 mgX^^i-K^ • *t$££*T V\ SPA-P . 
EG5K^SeV%#fc 0 ^IfiW 9— (0&&WlW&%Wi\ 1 9 t PHIiafc&fco 
[HJfe$l2 2] PEG2NHS-10K^SeV-<^^-(OM 

HJfe^iJ 2 0 OSPA-PEG2K^ J f *100Q0<Z)PEG2NHS-10K (2#$1, Shearwater Pol 
ymers%t) LTPEGKJ&irSrO, ' 10. 20, 30. 40, 50 mgT^$!l-,KJ& • *MBl 

ZftW PEG2NHS-10K#E$iSeV£#fCo ^-<^Sfi^tt^»J 1 9 fclH 

[^»!l2 3] PEG{»SeV^^^-©*JfiL^^^tt (HAU) i:in vitro^tt 
(CIU) 

mmno. 2 1, 2 2^|B«LfcPEG{^SeV-<^^-}-oV^ik^^ 
& (HAU) Mn vitro^^tt (CIU) ZM^o 012, 1 3*5j;tfl 4t^L 
fc«t9^, ±|B3@^PEGfrtSeV^^^-OHAUS:-m:iU^^b^t^^>, ffih 
&PEG KJ^A^iiiq^ioTHAUiClU^^T-rSMlpJ^^^nfco 
W5£\ Rfom<DMMz£ZmtciV(Dmg.ii%&'l^\<\ ifcfc, HAU£CIU<D*Bl§ 
£#£1 Ufc t Z 6, ii*OSPA-PEG5K{^ Lfc^, Mm t Jt^T 1 HAUfcfc 9 
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• .'. ■■ 49 ■ . : 

&) rt-CPBS-e«2»^fTofc (50m 1) .. ^wellKPBS-e^bfel%^!7 b 
CIU^gJlT© J: 0 &£#£>fco ^ ^ -^PBS/l%BSAT*)»10^^5^ : ^TV^ % 24-we 

I 1 

nx^yy^y hKi*o^c^lMS^ia/i-i/i»iiifite**>' 2 B'flu weiifc 

fc9 0GFP^m«^^t»W^o ( • 
[^»I2 4] PEG^ifitf)^ 

^J2 0, 21, 2 2^IE^bfcPEG{^SeV-<^^--^0.5 J ug/lane^V^T 
SDS-PAGE£*Tofc e HI 1 5 fckvtc i 5 fci* ^«riWWiUT^>f A'*'** *~ 

PEGKJ&*^*M¥oT^/>U fti>9 I^TOf^^ K^til^Ufc. HN 

2 5 ] ^fcft^TX'OFEGZ-MSlomffiSeV^t #—\Z.&%> in vitr 

^Jfe^j2 2{^CTPEG^*^0 % 15, 20, 28ng-CEI«fcRJ& • *t$*£frV\ P 
' EG2-NHS10K^£/iiSeV£#fco flN»^>-©ae**tt**^ 1 9 

M l£> SeVfc^^fc^LX«IUfcl^V!WL» (WC* 1#W«D '©10 v 
100S.moOO^#^JfiL^*fc«PBS/l%BSA 35/zl£»]Ut> gfitmflfelb 
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. so , . : , 

•• ' ■ • • ' ■ ' ■ • 

mveiihttv 20ni M**m*n*i£. mm. 3 0 a ©GFBmttttWft 

530 nmX^^tfcGFP^^X^fi^.fWffipTto 

^^T-t-^'iaiBj^^bttfc^, PEG2-NHS10KO £ o T, ^OiST^Jf $ XL, 
[^$$12 6] PEG2-NHS10K#KHSeV^^-tC«t5,in vivo-COa^WA 

urtPEG m&sMzm^x^vx^omtev&ttft^tco m 1 8*5*1*1 9 k 

:5S+ ^j 1 ^ 0 / C 2M^@i-2|ilS(D^Sr ; fTV\ 2 B#^**«r#*JU J»WG 

©JfitoWl Mu pegIH* Lfc-** * -©W fc** fcafcttJW>*Uto»o fc 

„ 2@B©t»4-Ct4x ^MOWfe, Q¥?mLft±Wm*bUb'k¥fix.-f, fete 
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MM$\2 0<£SPA-pEG2K£5H^20000<DPEG2NHS-20K (2#$l, Shearwater Pol 
ymersft) te«UTPEGRft*Srio, 20, 40 mg"C\ £^*40000<DPEG2NHS-40K ( 
2#$(, Shearwater Polymers*±) fc^UTPEG&Jfcl^O, 40, 80 rag"?, 151$ 
\C&J&'nMZft^\ PEG2NHS-20K{«SeVtPEG2NHS-40K^SeV§r#7to <m<< 

t ?-<Dm&^&teMnm 1 9 1 mm^^tc 0 

mm 5 X*m^jj&X\ 4°CT 80i2O P ^L/c±IBPE&{^SeV^^m 
SeV(OCIU^^LfCo |^2 0^LfcJ:5^ i *^*SeV=i^hn-/H*4 < G-T?2 
»IBHB#Lfcfc* 3#<D 1 W£T Lfcj&S 2#gHPEG 

. ' » ■ ■ - 

[^»J2 8] PEI^{-0:§PEG^^SeV^^^^# 
H«J2 l^PEG^*§r0 N 5, 10, 15 mgtrll^bfc^O^^STSOOOO^pol 
yethylenimine (PEI, SIGMA^t) £rffl V ^"CPEI '• SeVMMit 0> 0. 01, 0. 025 v 0. 05, 0 
.1, 0.2T«U LLC-MK2»--^^^^S0^bfc (S!l^^f^ifeM2 3 
£##0 o H2 1^tfci5^ -^*OPEI»-C^, PEGf^bfcSeV <Dm 

^^feofco ^*25000<DPEI (SIGMAli) T*t»IHil^^:Wbti7to 

K ^ * y U — i/* T" A (Drug Del ivery System ; £*T¥fcDDS b m 0 ) ttS 
mte&M£&-eh% 0 DDS&!M/V*^*-£^-C, fc^fcUOlftft^fcifi 
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53 : 

1 . i. , • • . 

• . : 1 > ' ' - 

' m*<bim ' • ■ . 
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i , 

^l36»6l'p.'©v^^**K:|B*©*ijWfc. , .. 
1 >b 1 1 <D\^? ! irifrK1S&<0&&foo • 

i3. tfaiwcfc^ 
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